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DEPARTMENT OF THE INTERIOR 

GENERAL LAND OFFICE 

Washington, June 16, 1919. 

Gentlemen: It has been deemed advisable to publish advance 

sheets of six chapters of a new edition of the Manual of Surveying 

Instructions, as follows: (I) Regulations Imposed by Law; (II) 

Instruments and. Methods; (III) System of Rectangular Surveys; 

(IV) Comer Monuments; (V) Restoration of Lost Comers; and, 

(VI) Resurveys. These advance sheets will immediately supersede 

the related provisions of the Manual of 1902, except as may be found 

impracticable in the case of surveys already in process of execution, 

or in the instance of returns of surveys now in course of preparation, 

otherwise the provisions of the Manual of 1902 will remain in full force 

and effect. 

Every member of the surveying service is requested to report to 
the undersigned any typographical errors which may be detected, 
to the end that the same may be removed from the completed 
edition. 

Very respectfully, 

Clay Tallman, 

Commissioner. 
To the Surveying Service of the General Land Office. 

m 
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CHAPTER I. 

REGULATIONS IMPOSED BT LAW. 

THE PI7BUC DOMAIN. 

L The survey of the public lands of the United States is iosep- 
aiably associated with questions relating to the acquiaitioa and dis- 
posal of proprietary title to the lands which have been added to the 
area included in the original thirteen States. The tenn *' public 
domain" has been applied broadly to the entire aforementioned 
uea in so far as the lands have been subject to survey and disposal 
by the United States, and of interest herein may be mentioned the 
twenty-nine States and the District of Alaska surveyed or in progreas 
of survey under the United States rectangular system, as follows: 

Alabarna, — ^Included in the territory of the original thirteen 
States, and admitted into the Union December 14, 1819 (3 Stat., 
606); lorveya practirally completed and original records transferred 
to the Secretary of bcate at Montgomery. 

Arizona. — Included in the lands ceded by Mexico, in 1848, and 
the Gadsden purchase, in 1853, and admitted into the Union Feb- 
ruary 14, 1912 (36 Stat., 557 and 37 Stat., 1728); surveys in progress; 
United States Surveyor General at Fhoeniz. 

iHafisot.*-Acqu]red under the Louisiana Purchase, in 1803, and 
tdmitted into the Union June 15, 1836 (5 Stat., 50); surveys practi- 
cally completed and original records transferred to the CommiasioDer 
of State Lands at Little Rock. 

Oi^t^brma.— Ceded by Mexico, in 1848, and admitted into the 
Union September 9, 1850 (9 Stat., 452); surveys in progr e s s ; United 
States Surveyor General at San Francisco. 

Colorado. — ^Acquired largely under the Louisiana Purchasot in 
1S03» but including additional land, title to.whidi was;q|iieted 
tfaroug}i treaty with Spain, in 1819, with other lands annexed with 
Texas, in 1845, and lands ceded by MegdoOi in 1848, and admitted into 
the Unkm August 1, ^876 (18 Stat., 474, and 19 Stat., 665); surveys 
in progress; United States Surveyor General at Denver. 

Florida. — Ceded by Spain in 1819, and admitted into the Union 
Miarch 3, 1845 (5 Stat., 742); surveys practically comi^eted and 
original records transfened to the Commissioner of Agriculture at 
lUlahassee. 
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Idaho. — ^Acquired with the Oregon Territory, title to which was I 
established in 1846, and admitted into the Union July 3, 1890 (26 I 
Stat, 215); surveys in progress; United States Surveyor General at I 
Boise. i 

lUiruyiB, — Included in the territory of the original thirteen States i 
and admitted into the Union December 3, 1818 (3 Stat., 536); sur- 
veys practically completed and original records transferred to the 
Auditor of State at Springfield. 

Indiana. — Included in the territory of the original thirteen States 
and admitted into the Union December 11, 1816 (3 Stat., 399); sur- 
veys practically completed and original records transferred to the 
Auditor of State at Indianapolis. 

Iowa. — Acquired under the Louisiana Purchase, in 1803, and ad- 
mitted into the Union December 28, 1846 (9 Stat., 117); surveys 
practically completed and original records transferred to the Sec- 
retary of State at Des Moines. 

Kansas. — ^Acquired under the Louisiana Purchflfle, in 1803, and 
with lands annexed with Texas, in 1845, and admitted into the 
Union January 29, 1861 (12 Stat., 126); surveys practically com- 
pleted and original records transferred to the Auditor of State and 
Register of State Lands at Topeka. 

Louisiana. — Included in the Louisiana Purchase, in 1803, and 
boundary extended to include additional lands, title to which was 
quieted through treaty with Spain in 1819, and admitted into the 
Union April 30, 1812 (2 Stat., 701); surveys practically completed 
and original records transferred to the Register of State Lands at 
Baton Rouge. 

Michigan. — Included in the territory of the original thirteen 
States and admitted into the Union January 26, 1837 (5 Stat., 144); 
surveys practically completed and original records transferred to the 
Commissioner of State Land Office at Lansing. 

Minnesota. — Included in the territory of the original thirteen 
States, and with lands acquired under the Louisiana Purchase, in 
1803, and admitted into the Union May 11, 1858 (11 Stat., 285); 
surveys practically completed and ori^nal records transferred to 
the Secretary of State at B%. Paul. 

Mississippi. — Included in the territory of the original thirteen 
States and admitted into the Union December 10, 1817 (3 Stat., 
472); surveys practically <K>mpleted and original records tranflfened 
to the Gonmiissioner of State Lands at Jackson. 
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JftMoun. — Acquired under the Louiaiana Purchasei in 1803, and 
admitted into the Union August 10, 1821 (3 Stat., 645, and 3 Stat., 
Appendix II); surveyB practically completed and original records 
transferred to the Secretary of State at Jefferson City. 

Momtana. — Acquired under the Louisiana Purchase, in 1803, and 
with the Oregon Territory, title to which was established in 1846, 
and admitted into the Union November 8, 1889 (25 Stat., 676, and 
26 Stat., 1551); surveys in progress; United States Surveyor General 
at Helena. 

Nebraska. — ^Acquired under the Louisiana Purchase, in 1803, and 
admitted into the Union March 1, 1867 <14 Stat., 391, and 14 Stat., 
820); surveys practically completed and original records transferred 
to the GonmiisBioner of Public Lands and Buildings at Lincoln. 

Nevada. — Ceded by Mexico in 1848 and admitted into the Union 
October 13, 1864 (13 Stat., 30, and 13 Stat., 749) ; surveys in progress; 
United States Surveyor Greneral at Bene. 

New Meodco. — Included with lands annexed with Texas, in 1845, 
with lands ceded by Mexico, in 1848, and the Gadsden Purchase, in 
J8d3, and admitted into the Union January 6, 1912 (36 Stat., 557, 
and 37 Stat., 1723); surveys in progress; United States Surveyor 
General at Santa Fe. . • 

North Dakota. — Included in the territory of the original thirteen 
States, and with lands acquired under the Louisiana Purchase, in 
1803, and admitted into the Union November 2, 1889 (25 Stat., 676» 
and 26 Stat., 1548); surveys practically completed and original rec- 
ords transferred to the State Engineer at Bismarck. 

Oklahoma. — Acquired under the Louisiana Purchase, in 1803, and 
with lands annexed with Texaa, in 1845, and admitted into, the 
Union November 16, 1907 (34 Stat., 267, and 35 Stat., 2160); surveys 
practically completed and original records filed with the Commia- 
sioner of the General Land Office at Washington, D. C. 

Ohio. — Included iu the territory of the original thirteen States, 
and admitted into the Union April 30, 1802 (2 Stat., 173); surveys 
practically completed and original records transferred to the Auditor 
of State at Columbus. 

Oregon. — Included in the Oregon Territory, title to which was 
established in 1846, and admitted into the Union February 14, 
1859 (11 Stat., 383); surveys in progress; United States Siu^eyor 
General at Portland. 

SotUh Dakota. — Included in the territory of the original thirteen 
States, and with lands acquired under the Louisiana Purchane, in 
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1S03, and admitted into the Umon November 2, 1889 (25 Stat., 676^' 
and 26 Stat, 1549); sarveyB in pFOgreas; United States Snrveyof'^ 
Geneial at Hiuon. 

Uiak, — Ceded by Mexico in 1848, and admitted into the Union*' 
January 4, 1896 (28 Stat., 107» and 29 Stat., 876); surveys in progrefls; ^ 
United States Surveyor General at Salt Lake C^ty. > 

WaMngUm, — ^Included in the Oregon Territory, title to which 
was established in 1846, and admitted into the Union November 11, 
1889 (25 Stat., 676, and 26 Stat., 1552); surveys in progress; United 
States Surveyor General at Olympia. 

YTisoon^m. — ^Included in the territcnry of the original thirteen 
States, and admitted into the Union May 29, 1848 (9 Stat., 233); 
surveys practically completed and original records transferred to 
the Conmiissioners of Public Lands at Madison. 

W^omw^, — ^Included with lands acquired under the Louifliana 
Purdiase, in 1803, with lands annexed with Texas, in 1845, with 
lands included in the Or^;on Territory, title to which was estab- 
lished in 1846, and with lands ceded by Mexico, in 1848, and 
admitted into the Union July 10, 1890 (26 Stat., 222); surveys in 
progress; United States Surveyor General at Cheyenne. 

District of Alaska. — Ceded by Kussia in 1867; surveys in progress; 
United States Surveyor General at Juneau. 

2. After the adnuBslon of the States into the Union the United 
States continued to hold title to the unappropriated lands and to 
administer its public-land laws with reference thereto, and it is ex- 
pressly provided, as one of the conditions set forth in the various 
enabling acts, that the title to imappropriated lands within the 
State shall remain in the United States. The lands in the Territo- 
ries not appropriated by competent authority beforo they were 
acquired are in the first instance the exclusive property of the 
United States, to be disposed of to such persons, at such times, 
in such modes, and by such titles as the .Government may^deem 
most advantageous to the public. Congress alone has the power, 
derived fr(»n Article lY, section 3, of the Constitution, of disposing 
of the public domain and making all needful rules and r^ulationB 
in rQ4)ect thereto. 

S* Under the laws of the United States the navigable waters have 
ahrays been and ehall forever remain common highways, and below 
mean hig^ water the same are not subject to survey and disposal. 
This reservation includes all tidewater streams, and other important 
permanent bodies of water whose natural and normal condition at 
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the date of the admisBion of a State into the Union was euch as to 
classiiy the same as navigable water. 

4. The act of Congress approved March 2, 1849 (9 Stat., 352), 
panted to the State of Louisiana all the swamp and overflowed 
lands within the limits of the State for the purpose of aiding in the 
leclamation of said lands, and the act of Congress approved Sep- 
tember 28, 1850 (9 Stat. , 519) , extended the grant to the other imblic 
Jand States then in the Union. The grant was also extended to the 
States of Minnesota and Oregr:n by the act of Congress approved 
Karch 12, 1860 (12 Stats., 3). The provirions of the aforementioned 
grants apply to the zone situated below the uplands wherein the 
lands are of such a character that without the construction of suit- 
able levees and artificial drainage systems the same would be #et 
and unfit for agricultural purposes. The swamp-land grants apply 
to all swamp and oveifiowed lands within the beneficiary States 
which were unappropriated at the dates of the su:ts of Congress and 
whose charac!teT at that time would bring them within the provi- 
sions of said grants. A notable exception to the swamp-land laws 
is found in the Arkansas Compromise Act approved April 29, 1898 
(30 Stat., 367), by virtue of which all right, title, and interest >to 
the remaining unappropriated swamp and overflowed lands within 
the State of Arkansas revoted to the United States. 

5. It comes within the province of the Department of the Inte- 
rior to consider and determine what are public lands, what lands 
have been surveyed, what are to be siurveyed, what have been dis- 
posed of, what remain to be disposed of, and what are reserved, and 
it is a well-settled principle of law that the United States, through 
the Department of the Interior, has the right to extend the surveys 
as may be necessary to include lands omitted from earlier surveys. 
It is an important duty of the surveyor in the field to discriminate 
between what are and what are nor public lands of the United 
States and to subdivide the former in accordance with the regula- 
tions imposed by law. 

LAWS RELATING TO SURVEYS. 

• 

6. The rectangular surveying system is based upon existing law 
and was devised with the object of markiog upon the ground and 
ilzing for all time legal subdivisions £or purposes of description and 
disposal of the public domain under the general land laws of the 
United States. 

7. The rectangular system of survey of the public lands was inaii- 
Suiated by a committee appointed by the, Continental Congress. 
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On the 7th of May, 1784, this committee reported ''An ordinance 
for ascertaining the mode of locating and disposing of lands in th^ 
western territory, and for other purposes therein mentioned." Th^ 
ordinance as finally passed on ttxe 20th of May, 1785, provided fo^ 
townships 6 miles square, containing 36 sections of 1 mile square! 
The first public surveys were made under this ordinance. ThJ 
townships, 6 miles square, were laid out in ranges extending northJ 
ward from the Ohio Biver, the townships being numbered fron^ 
south to north, and the ranges from east to west. The region emJ 
braced by the surveys under this law forms |k part of the State ol{ 
Ohio. In these initial surveys only the exterior lines of the town\ 
ships were surveyed, but the plats w&e marked by subdivision 
into sections of 1 mile square, and mile comers wore established oii 
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the township lines. The sections were numbered from 1 to 36, and 
the surveys were made under ttie direction of the Geographer of 
the United States. 

The act of Congress approved May 18, 1796, provided for the 
appointment of a surveyor general and directed the survey of the 
lands northwest of the Ohio River and above the mouth of the Ken- 
tucky River, "in which the titles of the Indian tribes have been 
extinguished." Under this law it was provided that "the sections 
shall be numbered, respectively, beginning with the number one 
in the northeast section and proceeding west and east alternately 
thfough the township, with progressive numbers till the thirty-sixth 
be completed." This method of numbering sections, as shown by 
the aecoiiipanying diagram, is still in U9e. ^ 
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Hie act of Oongresei approved May 10, 1800, required the ** town- 
dps west of the Mualringnin, which * * * are directed to be 
dd in quarter townships, to be subdivided into half sections of 
kiee hundred and twenty acres each, as nearly as may be, by run- 
iDg pazallel lines through the same from east to west and from south 
> north at the distance of one mUe from each other, and m^rlriTig 
omers at the distance of each half mile on the lines running from 
Ht to west and at the distance of each mile on those running from 
Dath to north. * * * And the interior lines of townships inter- 
Kted by the Muskingum, and of all the townships lying east of 
iaX river, which have not been heretofore actually subdivided into 
actions shall also be run and marked. * * * And in all cases 
rhere the exteri(»r lines of the townships thus to be subdivided into 
sctions or half sections shall exceed, or shall not extend, six miles, 
be excess or deficiency shall be specially noted and added to or 
bducted from the western and northern ranges of sections or half 
Ktions in such townships, according as the error may be in run- 
dng the lines from east to west or from south to north.'' 

The act of Congress approved February 11, 1805, directs the sub* 
imsion of the public lands into quarter sections and provides that 
a the comers marked in the public surveys shall be established 
I the proper comers of sections, or subdivisions of sections, which 
hey were intended to designate, and that comers of half and quar- 
er sections not marked shall be placed as nearly as possible '*equi- 
liBtant from those two comers which stand on the same line.'' 
Riis act further provides that ''The boundary lines actually run 
md marked * * * shall be established as the proper boundary 
bes of the sections or subdivisionB for which they were intended; 
nd the length of such lines as returned by * * * the survey- 
EB * * * shall be held and considered as the true length thereof , 
od the boundary lines which shall not have been actually mn and 
Burked as aforesaid shall be ascertained by running straight lines 
torn the established comers to the opposite corresponding comers; 
tut in those portions of the fractional townships where no such oppo- 
ite or corresponding comeis have been or can be fixed, the said 
Kmndary lines shall be ascertained by running from the established 
nmers due north and south or east and west lines, as the case may 
le, to the * * * external boundary of such fractional town- 
Idp." 

The act of Congress improved April 25, 1812, provided "That 
Ikeie shall be established in the Department of the Treasury an 
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office to be denominated the General Land Office, the chief ofij 
of which shall be called the Oommiflsioner of the Qeneral I4 
Office, whoee duty it shall be, under the direction of the head 
the depsu*tment, to superintend, execute, and perform all sach ^ 
and things touching or respecting the public lands of the Unij 
States, and other lands patented or granted by the United Stal 
as have heretofore been directed by law to be done or perfomaecl 
the office of the Secretary of State, of the Secretary and liegiBte^ 
the Treasury, and of the Secretary of War, or which shall he: 
by law be assigned to the said office." 

The act of Congress approved April 24, 1820, provides for the 
of public lands in half-quarter sections, and requires that **in e 
case of the division of a quarter section the line for the divii 
thereof shall run north and south * * * and fractional sectiol 
containing one hundred and sixty acres and upward, shall, in I 
manner, as nearly as practicable, be subdivided into half-quaf 
sections, under such rules and regulations as may be prescribed 
the Secretary of the Treasury; but fractional sections contain 
less than one hundred and sixt>'^ acres shall not be divided.** .' 

The act' of Congress approved May 29, 1830 (sees. 2412, 2413,^ 

' S . ), provides for the fine and imprisonment of any person obstruct 

*'*the survey of the public lands, and for the protection of surveyors,' 

"'the discharge of their official duties, by the United States marsi 

with sufficient force, whenever necessary. i 

The act of Congress approved April 5, 1832, directed the S 
divLfftn of the public lands into quarter quarters; that in every c 
of the division of a half-quarter section the dividing line should i' 
east and west; and that fractional sections should be snbdivi^ 
under rules and regulations prescribed by the Secretary of 1^ 
Treasury. Under the latter provision the Secretary directed if 
fractional sections containing leas than 160 acres, or the reBidi]f 
portion of a fractional section, after the subdivision into as nrf^ 
quarter-quarter sections as it is susceptible of, may be subdivir 
into lots, each containing the quantity of a quarter-quarter sec^, 
as nearly as practicable, by so laying down the line of subdivia 
that they shall be 20 chains wide, which distances are to be marf 
on the plat of subdivision, as are also the areas of the quarter qusuf 
and residuary fractions. J 

The last two acts above mentioned provided that the comers r 

contents of half-quarter and quarter-quarter sections should ibe asi ' 

•\ I 

1 

\ 
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pm&d, as nearly «8 poenble, in the nuumer and on the principles 
|ji8ctad and prescribed in the act of CongreaB approved February 
1.1806. 

, The act of Oongreas approved July 4, 1836, provided for the re- 
^ganization of the General Land Office, and that the executive 
^ties of said office ''shall be subject to the supervision and control 
i the Commissioner of the General Land Office under the direction 
f the Fresidoit of the United States." The repealing clause is, 
|That such provisions of the act of the twenty-fifth of April, in the 
ear one thousand eight hundred and twelve, entitled 'An act for 
^ establishment of a General Land Office in the Department of 
^e Treasury,' and of all acts amendatory thereof, as are incon- 
{stent with the provisions of this act, be, and the same are hereby, 
ipealed." 

! Frank the wording of this act it would appear that the control of 
^e Greneral Laud Office was removed from the Treasury Depart- 
lent, and that the conmiissioner reported directly to the President; 
|it, as a matter of fact^ the Secretary of the Treasury still had 
fp&rviaoTy control, for the act of Congress approved March 3, 1849, 
f wiiich the Department of the Interior was established, provided, 
That the Secretary of the Interior shall perform all the duties in 
iation to the General Land Office, of supervision and appeal, n* *'> 
JKhaiged by the Secretary of the Treasury ♦ * *." By this 
t the General Land Office was transferred to the Department of 
Interior, where it still remains. 

8. The following comjnises so much of the general laws rel^^ing to 
6 survey of the public domain as it is deemed necessary to incor- 
late in this volume, reference being made by chapter and section 
the codification of the Public Land Laws, prepared pursuant to 
ts of Congress approved March 3, 1879, and June 16, 1880, and by 
rtion number to the Revised Statutes of the United States. 
Sbc. 32. The Commissianer of the General Land Office shall per- 
form, under the direction of the Secretary of the 
^^ of Com- Interior, all executive duties appertaining to the 

surveying and sale of the public lands of the 
lited States, or in anywise respecting such public lands; and, 
0, auch as relate to private claims of lands, and the issuing of 
tents for all grants of land under the authority of the Gofwmr 
nt. (R. S., 4&3.) 
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Ssc. 61. TheGoiiiiiussioner» under the direction of the 8< 

of the Interior, is authorized to enforce and 

Power of Com. ^^^^ execution every part of the public land lai 
missioner to make . . , . . i? • j j * ,« « 

ragulatioiis ^^* otherwise specially provided for. (R. S, 

2478.) 

Sbc. 77. There shall be appointed by the President, by and wit 

the advice and consent of the Senate, a surveyc 

Surveyor general, general for the States and Territories herein nanw 
how and where ap- , . ^ , . ,. . 

pointed. embracing, respectively, one surveying distnc 

namely: Louisiana, Florida, Minnesota, Kasu 

California, Nevadia, Or^;on, Nebraska and Iowa, Dakota, Ooloradc 

New Mexico, Idaho, Washington, Montana, Utah, Wyoming, Arizona. 

(R.S.,2207.) 

Sec. 83. Every surveyor general, while in the discharge of the 

Resfdenoe ot sat- duties of his office, shall reside in the district for 

veyor general. which he is appointed. (R. 8. 2214.) 

Sec. 84. Every surveyor general shall, before entering on the 

duties of his office, execute and deliver to the 
Bond of surveyor Secretary of the Interior a bond, with good and 

sufficient security, for the penal sum of thirty 
thousand dollars, conditioned for the faithful disbursement, ac- 
cording to law, of all public money placed in his hands, and for 
the faithful periormance of the duties of his office; and the Presi- 
dent has discretionary authority to require a new bond and additional 
security, under the direction of the Secretary of the Interior, for the 
lawful disbursement of public moneys. (R. S., 2215, 2216.) 
Sbc 85. The commission of each surveyor general shall cease and 
^ . . ^ expire in four years from the date thereof, unlees 

I>uration of office. "^ j. j t j ^.i. • ^ i 

sooner vacated by death, resignation, or removal 

from office. (R. S., 2217.) 
Sec. 86. Every surveyor general, except where the President sees 
Contlntianoe of cause otherwise to determine, is authorized to con- 
dnties and bond tinue in the uninterrupted discharge of his r^g^ukur 
after expiratioii of official duties after the day of expiration of hb 
coniniissia n. commission and until a new commission is issued to 

him for the same office, or until the day when a successor enters upon 
the duties of such office; and the existing official bond of any office 
so acting shall be deemed good and sufficient and in force until the 
date of the approval of the new bond to be given by him, if recom- 
ndssioned, or otherwise, for the additional time he may so contiiiue 
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officially to act, puxsuant to the authority of iMh section. (K. S., 
2222.) 
Sec. 87. Whenever the surveyB and records of any surveyinj? die- 
Transfer of papers *"^^* ^'^ completed the surveyor general thereof 
and disoontinoaiioe shall be required to deliver over to the secretary 
of office in case of of state of the respective States, inchiding such 
completed surveys, giirveys, or to such other oflOicer as may be authorized 
to receive them, all the field notes, maps, records, and other papers 
appertaining to land titles within the same; and the office of siuveyor 
general in every such district shall thereafter ceane and be discon- 
tinued. {R.S.,2218.) 
Sec. 88. In all cases of discontinuance, as provided in the preced- 
ing section, the authority, powers, and duties of 

Devolution of ^^ surveyor general in relation to the survey, re- 
powers upon Com- i j- • • • ^i i j ii. j n 
missioiier in case of survey, or subdivision of the lands therein, and all 

disoantimianoe. matters and things connected therewith, shall be 

vested in and devolved upon the Commissioner of 

the General Land Office. (R. S., 2219.) 

Sec. 89. Under the authority and direction of the OommiB- 

sioner of the General Land Office any deputy 

Free access to surveyor or other agent of the United States shall 

public records do- \^yq fyg^ access to anv such field notes, maps. 
liTcred to States, "^^^/^^^^ n^^wja w ^y du^^ t. i ui^, ii«.pB, 

and condition of records, and other papora for ehe purpose of 
such delivery. takin £; extracts therofrom or making copies 

thereof without charge of any kind; btit no transfer 
of such public records shall be made to the authorities of any State 
imtil such State has provided by law for the reception and safe- 
keeping of such public records, and for the allowance of free access 
thereto by the authorities of the United States. (R. S., 2220, 2221.) 
Sec. 99. First. The public lands shall be divided by north and 
^ , , south lines run according to the true meridian, and 

Rules of survey. ^ xi. • xi. x • ux i x 

by others crossing them at right angles, so as to 
form townships of six miles square, unless where the line of an In- 
dian reservation, or of tracts of land heretofore surveyed or pat- 
ented, or the course of navigable rivers, may render this impracti- 
cable; and in that case this rule must be departed from no further 
than such particular circumstances require. 

Second. »TheiComers of-the^totiensfaips must b^r marked with pro- 
gressive numbers from the beginning; each distance of a mile between 
such comers must be also distinctly marked with marks ditYerent 
from those of the comers. 
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Third. The township shall be subdivided into sectums, containing 
as nearly as may be, six hundred and forty acres each, by rumuBg 
through the same, each way, parallel lines at the end of every two 
miles^; and by making a comer on each of such lines at the end of 
every mile. The sections shall be numbered, respectively, begin- 
nin^ with the number one in the northeast section, and proceeding 
west and east alternately through the township with progresedve 
numbers till the thirty-six be completed. 

Fourth. The deputy surveyors, respectively, shall cause to be 
marked on a tree near each comer established in the manner de- 
scribed, and within the section, the number of such section, and 
over it the number of the township within which such section may 
be; and the deputy surveyors shall carefully note, in their respective 
field books, the names of the comer trees marked and the numbers 
so made. 

Fifth. Where the exterior lines of the townships which may be 
subdivided into sections or half sections exceed, or do not extend 
six miles, the excess or deficiency shall be specially noted, and added 
to or deducted from the western and northern ranges of sections or 
half sections in such townships, according as the error may be in 
running the lines from east to west, or from south to north; the sec- 
tions and half sections bounded on the northern and western lines 
of such townships shall be sold as containing only the quantity 
expressed in the returns and plats, respectively, and all others as 
containing the complete legal quantity. 

Sixth. All lines shall be plainly marked upon trees, and measured 
with chains, containing two perches of sixteen and one-half feet 
each, subdivided into twenty-five equal links; and the chain shall be 
adjusted to a standard to be kept for that purpose.^ 

Seventh. Every surveyor shall note in his field book the true 
situations of all mines, salt licks, salt springs, and mill seats which 
come to his knowledge; all water courses over which the line he runs 
may pass; and also the quality of the lands. 

Eighth. These field books shall be returned to the surveyor gen- 
eral, who shall cause therefrom a description of the whole lands sui- 

1 Authority for the establishment of section lines at intervals of 1 mile is found 
in the act of Congress approved May 10, 1800, previously quoted. 

«The superior results obtained by the use of modem steel ribbon tapes, in cob* 
trast with the obsolete link chain, have led to the abandonment of the Utter, 
except that the " chain unit," which is peculiarly adapted to land soryeyisgi ^ 
always been employed. 
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veyed to be made out and transmitted to the officers who may 
superintend the sales. He shall also cause a fair plat to be made 
of the townships and fractional parts of townships contained in the 
lands, describing the subdivisions thereof, and the marks of the 
comers. This plat shall be recorded in books to be kept for that 
purpose; and a copy thereof shall be kept open at the smrveyor 
generaFs office for public information, and other copies shall be 
sent to the places of the sale and to the General Land Office. (Acts 
of May 18, 1796, and May 10, 1800, and R. 8., 2395.) 

Sec. 100. The boundaries and contents of the several sections, half 
Boandaiies and sections, and quarter sections of the public lands 
contents of pabUc shall be ascertained in conformity with the follow- 
lands, how asoM'- ing principles : 

**"^* First. AH the comers marked in the surveys 

returned by the surveyor general sb^U be established as the proper 
comers of sections, or subdivisions of sections, which they were 
intended to designate, and the comers of half and quarter sections, 
not marked on the surveys, shall be placed as nearly as possible 
equidistant from two comers which stand on the same line. 

Second. The boundary lines, actually run and marked in the 
surveys returned by the surveyor general, shall be established as 
the proper boundary lines of the sections or subdivisions for which 
they were intended, and the length of such, lines as returned shall be 
held and considered as the true length thereof. And the boundary 
Hues which have not been actually run and marked shall be ascer- 
tained by running straight lines from the established comers to the 
opposite corresponding comers^ but in those portions of the fractional 
townships, where no such opposite corresponding comers have been 
or can be fixed, the boundary lines shall be ascertained by miming 
from the established corners due north and south or east and west 
linea, as the case may be, to the water course, Indian boundary 
line, or other external boundary of such fractional township. 

Third. Each section or subdivision of section, the contents whereof 
have been returned, by the surveyw general, shall be held and 
considered as containing the exact qxumtity expressed in such return ; 
&Qd the half sections and quarter sections, the contents whereof 
shall not have been thus retinned, shall be held and considered as 
omtaudng the one-half or the one-fourth part, respectively, of the 
returned contents of the section of which they may make part. 
(Act of Feb. 11, 1805, and R. S., 2396.) 
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Skc. 101. In every case of the division of a quarter section the 

line for the division thereof shall run north, and 

Lines of division g^^^-j^ ^^^ ^^le corners and contents of half -quarter 
of half-quarter sec- . . ... .. ,. , ,j r^ „ , 

tions, how run. sections which may thereafter be sold shall be 

ascertained in the manner and on the principles 
directed and prescribed by the section preceding, and fractional 
sections containing one hundred and sixty acres or upwards sliall in 
like manner, as nearly as practicable, be subdivided into ball- 
quarter sectLons, under such rules and r^^lations as may be pre- 
scribed by the Secretary of the Interior, and in every case of a division 
of a half-quarter section, the line for the division thereof shall run 
east and west, and the comers and contents of quarter-quarter sec- 
tions, which may thereafter be sold, shall be ascertained, as nearly 
as may be, in the manner and.on the principles directed and pre- 
scribed by the section preceding; and fractional sections containing 
fewer or more than one hundred and sixty acres shall in like manner, 
as nearly as may be practicable, be subdivided into quarter-quarter 
sections, under such rules and regulations as may be prescribed by 
the Secretary of the Interior. (R. S., 2397.) 
Sec. 106. The public surveys shall extend overall mineral lands. 

and all subdividing of surveyed lands into lota less 
Extension of pub- ^j^j^ qj^^ hundred and sixty acres may be done by 

minera?^^. ^^^^ county and local surveyors at the expense of 

claimants; but nothiog in this section contained 
shall require the survey of waste or useless lands. (B. S., 2406. ) 
Sec. 118. Each surveyor general, when thereunto duly authorized 

by law, shall cause all confirmed private land 

Surveyors general claitts within his district to be accurately rtir- 

Ld^tos^'^hen ^^y^^ *^^ ^^^^ transmit plata and field notes 

ooDflnned, etc. thereof to the Commissioner of the General Land 

Office for his approval . When publication of such 
surveys is authorized by law, the proof thereof, together with any 
objections properly filed, and all evidence submitted either in sup- 
port of or in opposition to the approval of any such survey, shall also 
be transmitted to said Commissioner. (R. S., 2447.) 
Sec. 120. Every person who in any manner, by threat or force, 

interrupts, hinders, or prevents the surveying of 

Penalty for inter- ^^^ ^^^^^^^ j^^g ^^ ^j ^j^y private land claim 

nipt g surveys. ^^ich has been or may be confirmed by the 

United States, by the persons authorized to survey the same, in 

conformity with the instructions of the Commissioner of the Gen- 
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era! Land Office, ahall be fined not less than fifty dollars, nor more 
Uian three fhonsand dollars, and be imprisoned not less than one nor 
morethan three years. (R.S.,2412.) 

Sec. 121. Whenever the President is satisfied that forcible oppo- 
sition haa been offered, or is likely to be offered, 

Piotootioa oi eor- ^ ^j^y guj-veyor or deputy surveyor in the di»- 

^tsMct. charge of his duties in surveying the public lands, 

it may be lawful for the President to order the 
Tnarahal of the State or district, by himself or deputy, to attend such 
surveyor or deputy surveyor with sufficient force to protect such 
officer in the execution of his duty, and to remove force should any 
be offered. (R. S., 2413.) 

9. More recent legislation has brought about (a) provision for the 
appointment of a United States Surveyor General for the District 
of Alaska; (b) authority for the purchase of durable monuments, to be 
employed in place of native material to mark public land comers; 
(e) penalty for the destruction of monuments of the public land 
flurveys; (d) authority for necessary resurveys; and («) change of 
survey system from contract to direct with authority for the em- 
plojmDLent of a permanent corps of United States surveyors; all as 
indicated by the following quotations from the United States 
Statutes: 

The act of OongresB approved May 17, 1884, providing a civil 
government for Alaska, provides '*That the said 

foftoT'SiaSSrS ^^^**^^* ^ ^^^^ ^ hereby created a^land dis- 
jyjjg^^ trict, ♦ ♦ * and the marshal provided for by 

this act shall be ex officio surveyor general of said 
district.'' (23 Stat., 24, sec. 8.) The act of Congress approved 
July 24, 1897, amends the act approved May 17, 1884, and provides 
''That there shall be appointed by the President, by and with the 
advice and consent of the Senate, a surveyor general for the District 
of Alaska, embracing one surveying district.^' (30 Stat., 215, sec. 2.) 
The act of Congress approved May 27, 1908, provided **for the 

purchase of metal monuments to be used for 
m!^^!^!t ^ ^ public land survey comers wherever practicable. * * 

(35 Stat., 347.) This authority was amplified by 
the act of Congress approved June 25, 1910, making appropriation 
for sundry <nvil expenses for the fiscal year ended June 30, 1911, 
and has been continued from year to year to the present time. 
The act approved July 1, 1918, provided, under ''Surveying the 
Public Lands," as follows: 



16 MANUAL OF SURVEYING INSTRUCTIONS. 

''That the sum of not exceeding 10 per centum of the mAomut 
hereby appropriated may he expended by the Gomminioner ol the 
Genend Land Office, with the approTal of the Secretary ol the 
Interior^ for the putdbaae of metal or oither equally durable monu- 
nhestfl to be used for public land survey corlters wherever practi- 
cable: ♦ * *." (40 Stat., W».) 

The act of Congress approved March 4. 1900, entitled "An act to 

I'enedty ibr the <^^» revise, and amend the penal laws of the 
MftmMlM of 8cir- United States/' prorvides purndbment foroflenses 
tey monuments. against the operation of the surveying service of the 
Gevemment, as follows: 

'* Whoever shall willfully destroy, deface, change, or l^em^ve ts 
another place any section comer, quarter-section comer, or meander 
post, on any Government line of survey, or shall willfully cat dcrwB 
any witness tree or any tree blazed to mark the line of a GovemmeDt 
survey, or shall willfully deface, change, or remove any mosnuneBt 
or bench mark of any Government survey, shall be fined not nK^e 
than $250, or imprisoned not more than six months, or both.'* (36 
Slat., 1088, sec. 57.) 

^ Hie act of Congress approved March 3, 1909, entitled ''An act 

authorizing the necessary resurvey of imblic 
lictodT*^ ^' ^^^ lands," as amended by joint resolution approved 

June 25, 1910, provides as follows: 

'"niat the Secretary of the Interior may, in his discretion, cause 
to be made, as he may deem wisd under the rectangulaf system now 
provided by law, such resurVeys or retracements of the surveys of 
public lands as, after full investigation, he may deem essential to 
properly mark the boundaries of the public lands remaining undii- 
posed of: Provided^ That no such resurvey or retracement shall be so 
executed as to impair the bona fide rights or claims of any claimant, 
entryman, or owner of lands affected by such resurvey or retracement: 
Provided further^ That not to exceed 20 per centum of the tetal 
annual appropriation for surveys and resurveys of the public lands 
shall be used for the resurveys and retracements authcMized bere- 
by.'' (35 Stat., 845, and 36 Stat., 884.) 

The act of Congress approved September 21, 1918, entitled '*An 
act authorizing the resurvey or retracement of lands heretofore re- 
tomed as surveyed public lands of the United States under emtaam 
conditions'', provides authority lor the resurvey by the Qovmm' 
■lent of townships heretofore held to be ineligible fer reaurvey 
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Bud^r eadfltiiig regulations of the Department of the Interior hy 
feasos of ditpOflals in excess of fifty per centum of the total area 
.thereof. TIm act provides: 

** That upon the application of the owners of three-fourths of the 
privatdy owned lands in any township covered by public-land 
surveys, more than fifty per centum of the area of which townships 
is privately owned, accompanied by a deposit with the United 
Statoe surveyor general for the proper State, or if there be no sur- 
veyor general d such State, then with the Commissioner of the 
General Land Office, of the proportionate estimated cost, includve 
<rf the necessary (office) work, of the resurvey ot retracement of all 
the privately owned lands in said towndiip, the Commissioner of 
the General Land Office, subject to the supervisory authority of the 
Secretary of the Interior, shall be authorized in his discretion to 
cause to be made a resurvey or retracement of the lines of said 
township and to set permanent comers and monuments in accord- 
ance with the laws and regulations governing surveys and resurveys 
of public lands; that the sum so deposited shall be held by the 
surveyor general or commissioner when ex officio surveyor general 
and may be expended in payment of the cost of such survey, in- 
cluding field and office work, and any excess over the cost of such 
survey and the expenses incident thereto shall be repaid pro rata 
to the persons making said deposits or their legal representatives; 
that the proportionate cost of the field and office work for the re- 
survey or retracement of any public lands in such township shall 
be paid from the current appropriation for the survey and resurvey 
of public lands, in addition to the portion of such appropriation 
otherwise allowed by law for resurveys and retracements; that 
similar resurveys and retracements may be made on the applica- 
tion, accompanied by the requisite deposit, of any court of compe- 
tent jurisdiction, the returns of such resurvey or retracement to be 
Bubmitted to the court; that the Secretary of the Interior is author- 
ized to make all necessary rules and regulations to carry this act 
into full force and effect.'' (40 Stat., 965.) 

The act of Congress approved June 25, 1910 (36 Stat., 703, 740), 

^^^^ niAlring appropriation for sundry civil expenaee 

Mection of sor. ^^^ ^^^ g^^j y^^ ^^^^ j^^ 3^^ ^g^j^ provided. 



imder "Surveying the Public Lands'': "The sur- 
veys and resurveys to be made by such competent surveyors as the 
Secretary of the Interior may select, * * *." This provision of law 
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brought to a close the contract system which had theretofore been 
adhered to since the beginning of the public land surveys, and 
the authority for the employment of a permanent corps of United 
States surveyors has boen continued from year to year to the pres- 
ent time. The following comprises that part of the act of Oongrees 
approved July 1, 1918, under "Surveying the Public Lands/' re- 
lating directly to the administrative control of th« surveying service: 
* ' For surveys and resurveys of public lands, under the sui>erviBion 
of the Commissioner of l^e General Land Office and direction of the 
Secretary of the Interior, * * *. The surveys and reeurveys 
provided for in this appropriation to be made by such competent 
svuv^eyors as the Secretary of the Interior may select, * * *. " 
(40 Stat., 668.) 

GENERAL RULES. 

10. From the for^;oing synopsis of congressional l^islation it is 
evident — 

First. That the boundaries of the public lands established and 
returned by the duly appointed surveyors, when approved by the 
surveyors general and accepted by the Commissioner of the General 
Land Office, are unchangeable. 

Second. That the original township, section, and quarter-section 
comers established by the surveyors must stand as the true comers 
which they were intended to represent, whether in the place shown 
by the field notes or not. 

Third. That quarter-quarter-section comers not established in the 
process of the original survey shall be placed on the line connecting 
the section and quarter-section comers, and mid^y between them, 
except on the last half mile of section lines closing on the north and 
west boundaries of the township, or on other lines between fractional 
or irregular sections. 

Fourth . That the center lines of a r^ular section are to be straight, 
mnning from the quarter-rsection comer on one boundary of the sec- 
tion to the corresponding comer on the opposite section line. 

Fifth. That in a fractional section where no opposite corresponding 
quarter-section comer has been or can be established, the center line 
of such section must be mn from the proper quarter-section comer 
as nearly in a cardinal direction to the meander line, reservation or 
other boundary of such fractional section, as due parallelism with 
section lines will permit. 
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Sixth. That lost or obliterated comers of the approved surveys 
must be restored to their ori^^inal locations whenever it is possible to 
do so. Actions or decisions by surveyors which may result in 
changes of boundaries of patented lands and disturb questjons of 
ownership in connection therewith are subject to review by the 
courts. 

THE MANUAL. 

11. Various regions of the United States have been surveyed 
under different sets of instructions issued at periods ranging from 
1785 to the present time. The earliest rules were given to surveyors 
in manuscript or in printed circulars. R^ilations more in detail, 
improving the system for greater accuracy, permanency and uni- 
formity, were issued in book form in editions of i855, 1881, 1890, 
1894 and 1902. 

The Manual of Surveying Instructions has been again revised with 
a view to harmonizing the printed instructions furnished to the sur- 
veyors with recent legislation and current surveying practice. The 
use of iron-post comer monuments adds much to the permanency 
of the evidence of the surveys, but this calls for little change in rules 
except to outline the standard practice. A growing necessity for 
resurveys to identify and restore original surveys actually made, but 
poorly monumented, or to supersede grossly erroneous or fraudulent 
original surveys — ''to properly mark the boundaries of the public 
land remaining undisposed of " — ^has demanded a full discussion of 
the subject in this revision of the Manual. The change from the 
contract system to the present system under which the public-land 
surveys are executed by a permanent corps of surveyors employed 
by the General Land Office has involved changes in the administra^ 
tive control without departing from previous technical procedure, 
and hereafter throu^out the Manual all reference to administrative 
questions will be found to be stated in general terms in order to avoid 
confusing that matter with the purely technical subjects. Modem 
surveying practice has been introduced into the public-land surveys 
as far as legally consistent and efficient, which has prompted a rather 
full instructive treatment of the subjects of measurements with long 
steel tapes, stadia method and triangulations, and field observations 
for the determination of time, latitude and azimuth, to afford 
versatility on the part of the surveyor in adopting methods best 
suited to the ever-changing conditions under which his work must 
be accomplished. 
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The instfuctiona contained in thia Manrm) are to be observed by 
every surveyor engaged in the execution of the public-land surveys. 
All other surveyors, including those who have at times been em- 
play^ in the surveying service of the General Land Office, should 
bear in mind that in their private capacities they are acting under 
somewhat different rules of law from those governing original sur- 
veys, and surveyors should discriminate between the provisions of 
the statute which control original surveys and those which apply to 
the retracement of lines that have been officially establidtied and 
approved. 

THE STANDARD FpSLD TABLES. 

12. There has been published by the General Land Office, in the 
shape of a pocket field book, a compendium of tables and formulae 
entitled '* Standard Field Tables.'' The volume embraces the date 
peculiarly useful to surveyors engaged in subdividing the public 
lands. The Standard Field Tables are issued as a supplement to 
the Manual, and as such tbeformer are apartof the latter, with con- 
tents as follows: 

1. Units oi linear measure, units of area, expansion of steel tapes, 

and conversion tables; chains to feet and feet to chains. 

2. Keduction in latitude to south boundary of township, and cor- 

rections for convergency within a township. 

3. Traverse table, for the correction of random lines. 

4. IVaverse tables. 

5. Correction of error in stadia wire interval. 

6. Stadia coefficients, vertical rod. 

7. Natural sines and cosines. 

8. Natural tangents and cotangents. 

9. Logarithmic sines, cosines, tangents and cotangents. 

10. Logarithms of numbers. 

11. Convergency of meridians, and differences of latitude and longi- 

tude. 

12. Azimuths of the tangent to the parallel. 

13. Offsets from the tangent to the parallel. 

14. Azimuths of the secant. 

15. Offsets from the secant to the parallel. 

16. Lengths of arcs of the earths surface. 

17. Appajrent time of sunrise and sunset. 

18. Conversion tables, degrees to time, and time to degrees. 

19. Sidereal conversions, and reductions to the local mean time of 

upper culmination of Polaris. 
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20. Mean refractions in zenith distance. 

21. Coefficients to apply to mean refractions for variations in ba- 

rometer and temperature. 

22. Coefficients for computing errors in azimuth due to small errors 

in declination or latitude. 

23. Mean refractions in polar distance. 

24. Trigonometric formulas for the solution of plane triangles. 

25. Trigonometric formtdas for the solution of stadia measurements, 

observations for time, latitude and azimuth, and problems 
in convergency. 

EPHEMERIS OF THE SUN AND POLARIS, AND TABLES OF AZI- 

MUTHS OF POLARia 

13. The above title has been given to a second supplement to the 
^lanual which is published each year, a convenience which serves 
to supply the surveyors with all necessary data relating to the daily 
positions of the sun and Polaris without requiring frequent re\i8ion 
o! the text of the Manual or the Standard Field Tables. As a supple- 
ment to the Manual the data contained in the Ephemeris will be 
adopted in preference to that contained in other publications over 
which the General Land Office has no control either as to accuracy 
or fitness for use in the public-land siu*vey8. • 



CHAPTER II. 

INSTRUMENTS AND METHODS. 

MEASUBEMBNTa 

14. The law prescribes the chain as the unit of linear measure for 
the survey of the public lands, and all returns of measurements are 
to be made in true horizontal distances, in miles, chains and links. 
The chain unit is known as the invention of Edmund Gunter, an 
English astronomer of the seventeenth century, and is especially 
convenient in computing areas in the unit of acres, one acre being 
equal to 10 square chains. 

Units of linear measure. 

1 chain s= 100 links. 
=66 feet. 
1 mile»80 chains. 
=«5,280 feet. 



Units of area. 

1 acre»10 square chains. 
»43,560 square feet. 
1 square mile»640 acres. 



15. Each surveyor will be provided with a standard and an 
assortment of 1, 2, 5 or 8-chain steel tapes. The standard tape will 
be employed for comparison with the field tapes, in order that errors 
in the latter may be noted and corrected. Before chainmen are 
intrusted with their actual duties they should be instructed by the 
chief of party, and required to measure over one or more trial lines of 
level and mountainous surface, to secure accuracy and uniformity 
of results. 

16. It is essential to the record of a survey to state briefly at the 
begbming of the field notes, with every set of returns, the general 
numner of making measurements in the survey, and as topographical 
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difiicuItieB are encountered making it necesBary to depart from the 
stated general method, it is desirable to record the plan of special 
measurement adopted. The field notes thus exhibit the manner of 
making all measurements, and the record should be such that another 
surveyor retracing any line can substantially duplicate the exact 
procedure adopted in the original survey. 

The following paragraphs are illustrative of the record to be made 
in the field notes: 

''Unless otherwise specified all measurements are made with a 
Chicago 1-chain steel tape compared with a Chesterman standard 
steel tape and found correct." 

''Unless otherwise specified all measurements are made with, a 
Lallie 2-chain steel tape found conect by comperisoa with a Luflka 
standard steel tape." 

'^Unless otherwise specified all measurements are made with a 
Lufkin steel tape 8 chains in length compared with a Gheatennan 
standard steel tape and found correct. The measuranents axe nnde 
on the slope, the vertical angle determined, and the slope measure- 
ments properly reduced to true horizontal distances." 

THB LONG STEEL TAPE. 

17. The most approved method of measurement involves the 
use of steel ribbon tapes from 2 to 8 chains in length; in its use in 
the public-land surveys the tape is properly alined and stretcliod, 
and the measurements are made on the slope at any convenient dis- 
tance up to the length of the tape as limited by the topography. The 
vertical angles of the lesser slopes are determined by the use of 
clinometers in the hands of the chainmen, while the vertical angles 
of the particularly sharp slopes are determined with the transit <^>er- 
ated by the surveyor. The slope distances are then reduced to true 
horizontal distances and the entire operation suitably recorded. It 
Is not considered necessary to exhibit in the official field notes any 
but the true horizontal distances, omitting details, except where 
precise measurements are made of various bases for special use. 

18. The following is an example of both field and final record 
for the use of the long steel tape and clinometer, and reductLana by 
the use of the traverse tables (see Table 4, Standard Field Tables): 
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Tield record. 






Mean 

verti- 
cal 

an^. 


Dis- 
tance 

on 
dope. 


True 
horizon- 
tal dis- 
tance. 


Inteiv 
mediate 
meas- 
ure- 
ment. 


Differ- 
ence in 
eleva- 
tion. 


Final field notes. 


=^: 


Ckaim. 

4.50 
8.20 


CMM9. 

4.896 
2.096 


CMna, 
8.80 

aoo 

1.20 
1.90 

1.15 


Chaiju. 

-a 95 
- .66 

-.75 


Chtiing. 

laso 

23.50 

34.70 
25.40 

33.60 
4a 00 


North, bet. sees. 19 and 84. 

Desc. 155 It. over NW. slope, 
through scattering ttmoer 
and dense undergrowth. 




«.70 
8.00 


6.496 

7.917 


Dry gulch, ooone W.; a»e. '296 
It. over dW. slope. 


-»-^* 


+ .75 
+1.15 

+2.10 

+ .44 




+19|« 


14.70 
«w20 


14.413 
&83$ 




+ 7f 


30.90 
8.30 


20.248 
8.370 




-«*• 


24.20 
8.00 


23.518 
7.949 


-a 91 

- .66 

-1.21 


Spur, slopes W.; deso. 185 ft. to 
1/4 sec. cor., over NW. slope. 
Wagon road, bears B. and W. 
Leave undergrowth. 


-10J» 


82.20 
8.70 


81.467 
8.641 


Eater heavy timber, beaciM W. 
and BE. 


^14 • 


85.90 
£.00 


85.108 
4.851 




©• 


4a 90 
.04 


8a 966 
.04 








40.04 


4a 00 






4a 00 


40.00 


Set an iron post, etc. 



19. A mmpliftcation of the reduction of measurements on the 
elope is obtained by the use of two diagrams constructed on croos- 
aection paper, as follows: The first with the vertical lines i^epre- 
senting intervals of 20 links measurement on the slope to 2^ 5 or 
8 chaina to suit the length of tape used; the horizontal lines repre- 
Benting the correction in links to be made from the measureitnent 
on the slope to obtain the true horiisontal distance; slanting: lines 
are drawn to represent various degrees of slope scaled to the proper 
55465*— -19 8 



BeductiOQ tmm the slope to the hiHiiailal. 



;ts and methods. 



i 



Fig. 2. 

KeduoUou lur diffeiencs otelevBtNO. 
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points for the correction for the full length of the tape. The second 
diagram is constructed with the vertical lines representing similarly 
the measurement on the slope in the chain unit; the horizontal 
Unes in this diagram representing the difference in elevation in 
feet J at intervals of 5 feet ; slanting lines are drawn to represent various 
degrees of slope scaled to the proper points for the differences of 
elevation for the full length of the tape. (See figs. 1 and 2.) 

20. The following za an example of record for the use of the long 
steel tape and clinometer, and reductions by the use of the reduction 
diagrams: 



Field record. 


1 

1 


- 


Mean 

vertical 

angle. 


Dis. 

tance 

on 
slope. 


Corrw?* 
tion to 
hori- 
zontal. 


Inter- 
medfikte 
meas- 
ure- 
ment. 


encein 
eleva- 
tion. 

• 


Final'ilQld'Ootes.... 


-17r 


Chains. 

4.50 
2.20 


Chains. 

0.10 
.10 


Chains. 
3.80 

0.00 

1.90 
1.90 

1.13 


Feet. 

- 60 

- 45 

^ 80 


Chains. 

1 

10.30 

23.50 

24.70 
25.40 

82.60 
40.00 


Narth, bet. sees. 19 and 24. 
Desc. 155 It. over NW. slope. 

through scattering timber and 

dense undergrowth. 


I 

1 


6.70 
8.00 


0.20 
.08 


Dry gnleh. coarse W.; ssc. »» 
ft. over SW. slope. 


1 


+ 50 
+ 75 

•f 140 

+ 30 


+19f 


14.70 
6.20 


0.28 
.37 




1 


20.90 
3.30 


0.65 
.03 




•i 
1 


24.20 
8.00 


0.68 
.05 


- 60 

- 45 

- 80 


Spur, slopes W.; dose. 185 ft. to 
yi sec. cor., over NW. slope. 
WagoQ road, bears K.«Dd^v. 
Leave undergrowth. 


-lor 


32.20 
3.70 


0.73 
,06 


Enter heavy timber, IwtfB KW. 

and SB. 


-14 • 


85.90 
5.00 


0.79 
.15 




1 0' 


40.90 
.04 


0.94 
.00 


1 
1 






40. C4 

40. JO 

1 


0.94 


Set an iron post, ete. 




0.00 
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21 • By a skillful use of the long steel tape on the slope, with cor- 
rect dcterndnations of the vertical angle, and proper reductions 
from the slope to the true horizontal distance, the surveyor obtains 
one of the most rapid and reliable methods of measurement. It is 
essential to make all reductions for distance as the work progresses, 
but the additional information regarding the amount of the ascents 
and descents is readily obtainable from the record at the conven- 
ience of the surveyor. 

STAJDIA MEASUREMENTS. 

22. Under proper safeguards the stadia method of measurement 
aHords a useful and reliable means of overcoming the difficulties of 
obtaining correct distances across water and over precipitous slopes 
that can not be reached with the tape. It is required that the wire 
interval or ratio be determined in the field by frequent tests under 
working conditions in comparison with steel tape measiu-ement, 
solving the formula given in the Standard Field Tables (p. 221) for 
the value of the wire ratio with the horizontal distance known. The 
record of the stadia testa should be given in the field notes. It is 
essential to accurate stadia work that rods of approved construction 
be used, together with two targets and a properly adjusted rod level 
to secure true vertical readings; the readings at all times must be 
restricted to suitable atmospheric conditions and to distances per- 
mitting exact bisections of the targets. Possible criticism of the use 
of the stadia method is found in the failure to observe proper details 
and not in the reliability of the method if skillfully followed. 

23. It is desirable to state briefly at the beginning of the field 
notes, with every set of returns, the general plan of making stadia 
measurements. The following paragraphs are illustrative of the 
character of such record: 

''All stadia measurements are made with fixed stadia wires with a 
ratio of 1 : 132 ±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1. 2 links; the rod used is a 
standard Philadelphia level rod graduated to feet and equipped with 
two targets and a rod level; all readings are made with a vertical 
rod." 

'* All stadia measurements are made with fixed stadia wires with a 
ratio of 1 : 100 ±, as exhibited by the tests shown in the field notes; 
the focal constant of the instrument is 1. 2 links; the rod used is a 
standard Troy level rod graduated to feet and equipped with two 
targets and a rod level; all readings are made with a vertical rod." 



30 



MANUAL OF SURl'EYING INSTRUCTIONS. 



84. Notation used in stadia measuremente: 

Hor. dist.: The true horizontal distance from the center of the in- 
strument to the rod. 

Diff . elev. : The true vertical distance from the height of the instru- 
ment to the center point between the two targets of 
the rod. 

** r " : Vertical rod reading. 

" V " : Observed vertical angle. 

"^": The wire interval or ratio. 

"c": Distance from the center of the instrument to the object 



*'/": Distance from the plane of the cross- wires to the object glass. 
Hor. dist.=JK'rcos2 v+(c4/)co8i;. 
Diff. elev.asJTr § sin 2v-f-(c4/) sin t . 



Mor.dist. ^ 




Fig.3 

25. In Table (>, Standard Field Tables, the natural functions 
"coE- r" and **J sin 2u" are tabulated by intervals of 7f for all 
angles from 0** 0' to 28'' 0'; these values become natural coefficients 
of the rod reading in the use of the vertical rod. In the same table 
are tabulated the natural products * ' (c-f/) cos r " and ' ' (c-|-/) sin «, " 
for three values of "(c+/) " which may be considered as expressed 
in either the link or foot unit as convenient. 

26. In public-land surveying it is convenient to have fixed stadia 
wires with a ratio of 1:132, so that the sum of two rod readings in 
feet will be equivalent to a ratio of 1:66, or a reduced distance in 
chains; it is also convenient to reduce the error in the wire iiiter\'sl 
to the error in 10 cha^is, and to eliminate the error by applying to 
the reduced distance the proper correction taken from the table 
of proportional parts (Table 5, Standard Field Tables). 
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27. Example of test of stadia wire interval, the approximate 
ratio belDg 1:132. and the focal constant 1.2 links: 



Field reoord. 



ICeasonmcmt of Isase by steel 
tape and olinometer. 



Miean 

vertical 

angle. 



-Ik* 



Distance 
on slope. 



Chahu. 
3.90 
8.00 
2.20 



True 

horizontal 

distance. 



Total base 
Focal constant 

Stadia base 



tt 



u 



Z.9SS 
7.998 
2.180 

- 14.066 

- .012 

» 14.054chs. 
-.927.564 ft. 



Vertical rod 
reading. 



Fed. 
«.992 
6.998 
7.002 
6.996 
7.003 
7.004 
6.997 
6.995 
7.001 
6.998 



Mean rod reading — 
Coefficient for 0*40' -0.9999; 
0.0001X6.9965 

T COS* r — 

927.564 
^^ 6.9978"^^^*^^ 
Hieanrod base 

' i. ^^r" ™^^^ '^ reading. 

13.097 «>eqi]ivalent 1:66. 
13.997 X0.9999-13.996\ 
(c+/) - .012 / 

Error in 14.008ch8. by stadia 
Error in 10.00 chs. by stadia 



6.9985 
.0007 



6.9978 



— 14. 066 chs. 



14. 008 chs. 



0.068 chs. 
0.041chvS. 



Final field notes. 



June 11, 1911, 1 make the foltow- 
ine test of the stadia wire inter- 
vali 
Horizontallength 

of base -H.OOOchs. 

Mean of 10 rod 

readings — 6.9986ft. 

Vertical angle of 

of test 0-40' 

Jt- 132. 551 
Reduced error in 
lOchSr —4.1 Iks. 

All corrections to be added to 
the distances given by the 
stadia. 



^8. The error of the wire interval having been determined for a 
distance of 10 chains, the proportional error for any distance from 1 
to 20 chains may be taken from Table 5, Standard Field Tables, 
thus eliminating all complex steps from the ordinary reductions 
of field observations. 

Emj^asis is placed upon the necessity for the above tests for 
accurate stadia work, and attention is directed to the probability 
that sttQoesaive tests will show slightiy increasing or decreasing 
values of the wire interval. It is not considered necessary to record 
in the official field notes any but the basic elements of stadia obser* 
vatidns, omitting the detaUs 61 the reductions. 

29. Hie following example of record, with reductions added, is 
adapted to the instrument showing the above test of the wire inter- ' 
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taI, ratio 1:132 with an error of 4.1 links in 10 chains, and focal bos- 
stant 1.2 links. 



Field record. 



3.194 

3.212 

d. 406X0.7976-5. 100 

Error 4- .021 

(c+/) COS » + . Oil 



12.60 



+5.14 chs. 



• 6. 406Xa 4018-2. 674 Cb8. 
Dtf. «]ev. -170 ft. 

3.448 
3.432 



6.880X0.8324-5.727 

Error + .024 

(c+/)co8i;+ .011 



12.60 

Width of creek 

4.914 
4.805 



+5.76 chs. 
5.14 chs. 

-0.62 chs. 



9.800X0.9025-9.735 

Error + .040 

(c+j0co8» .012 



12.60 



+9.79 chs. 



9. 809X0. 0863-a 847 chs. 
- 66 ft 
+170 ft 



Dill. elev. 



-226 ft 



Final field notes. 



Chains. 



12.60 



-17.74 



-ia36 



-22.30 



N. 0* 02' W., bet. sees. 16 and 16. 
Descend graduiUly over mnnntahwos 
land. 

Rim of canon, bears NW. and BE.; 

precipitous descent of 170 ft. 
Stadia to left bank of creek: 3.194 and 

3.212 ft., -26' 44'. 
Stadia to ri^t bank of creek: 3.448 and 

3.432 ft —24* 10*. 
Stadia to right rim of oancn: 4.014 and 

4.895 ft, +4* 68'. 



Left bank of creek, 62 Iks. wide, 
NW. 



Right bank of creek; precipitoaa aeooBt 
of 225 ft. to rim of canon. 



Rim of canon, bears KW. and 8S.; 
asc. gradually. 



< 



80. Attention is directed to the fact that in making the above 
rednctionB in the chain unit, wire ratio 1:132, the procees is at once 
reiolved into taking the sum of the two rod readings in^fefl^c^nil- 
tiplied by the proper coefficient for vertical angle, to which prodact 
are applied the correcdona for the error in the wire interval and lor 
the horizontal value of the fgcal constant. As two rod readins^ 
should always be taken, one as a check upon the other, the 



INSTRUMENTS AND METHODS. 



38 



opebriiiaD becomes very fiimple. It should also be noted that in 
compfutlng the difference of elevation no correction has been, made 
for the height of the instrument above the ground, nor for the knean 
height of the rod reading; these corrections are compensating and 
ordinarily may be neglected, but in precise reductions must be 
considered. Therefore, in ordinary work in computing differences 
of elevation by the stadia method it is permissible to n^lect the 
height of the instrument above the ground, the mean height of the 
rod reading, the error in the wire interval, and the term **(€•}-/} 
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aixv. 

81. Many surveyors prefer the conventional stadia wire ratio 1:100 
generally adopted in miscellaneous surveying practice, using a rod 
graduated to feet. With an instrument so fitted for public-land 
surveysy in which the chain unit of horizontal distance is stipulated 
by law, the reduction is simplified by aBcertaLning the logarithm of 

-^, rod in feet and horizontal distance in chains, accomplishing 

the reduction of " JTr cos' r" by logarithmic functions. 

82. Example of test of stadia wire interval, the approximate ratio 
being 1:100, and the focal constant 1.2 links: 



Field record. 



Mcasarement of base by steel 
tape and clinometer. 



Mean 

vertical 
angle. 



-3f« 
+1^» 



Distance 
on slope. 



Ckairu, 
6.40 
2.70 
&20 



True 
horizontal 
distance. 



Chaina, 
6. 386 chs. 
2.002 
5.082 



(e+/) 



Total base - 14.160 
- .012 



Stadia 

Xeao rod readinf 

GotOeient for 1*54^ 

a 0011X0. £200 

rcafiV' 

933.768 



• 14. 148 etas. 
•033.768 ft. 



—0.9080; 



Vertical rod 
reading. 



Feet. 
9.615 
9.518 
9.522 
9.519 
9.627 
9.613 
9.521 
9.524 
9.621 
9.620 

O.520O 

.0106 

9.5095 



'-9. 

log JT-t 992061 

'^ 66- L 819644 

"^a 172537 



-98.198 



Final field notes. 



July 7, 1915, 1 made the foUowimi 
test 'of the stadia wire interval: 
Horizontal 

length of base— 14. 160 chs. 
Mean of ten rod 

readings — 9.6200 ft. 
Vertical angle of 
test -+1*54' 

Z-.9&193 

log ^irod in feot 
6o 

and horizon- 
tal distance in 
chains — 0.172687 
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88* The following example of reoard, with reductions added, is 
adapted to the instrument showing the above test of the wire in- 
terval, ratio 1:98.193 and focal constant 1.2 links. 



Field record. 



loR^ - 0.172537 

"8.472 - 0.937086 

" COS* W ^O'- jS;| 



.9S1361 
.981361 



1.063245 

K 

nat Q^r cos<f»ll.568 

(c+/) cos p— . 012 

14.20 + 11.58 chs. 

logJT -1.993061 

" 8.472 -0.927966 
" a 2748 -9.436017 



2.350064 



Diff.elev.-228ft. 
To bluff - 40 



Cliff 



188 



tt 



Final field notes. 



ChavM. 



14.20 



24.50 



North, bet. sees. 31 and 36. 
Over level land. 

Commence nadual ascent of 40 ft. to 

base of clifl. 
Stadia to top of cliff: 

mean8.472ft.,+16*40'. 
Bam of cUfl, bears N. 65* W. and S. 6S* 

E.; ascend 100 ft. to top. 



25.78 



Top of cliff; thence over level 



84. Most of the General Land Office surveying instruments are 
equipped with fixed stadia wires of the ratio 1:132, which has been 
found well adapted to all practical purposes for which used, and 
enables the use of standard double target level rods graduated to 
feet. A few instruments have been provided with fixed stadia wires 
of the ratio 1:100, at special request, but rods graduated to Unks 
can not be furnished except upon special order, and are not pur- 
chased because they are useless except for the one purpose. Sur- 
veyors can not expect to accomplish the best results where they 
graduate their own rods to suit a particular instrument or peraonal 
equation. 
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In authorizing the use of the stadia method in the public4and 
surveyB it is not contemplated that the same will be made a sub- 
stitute for steel tape measurement where the latter is practicable, 
but rather that the stadia method may be used as an expedient where 
natural obstacles are encountered over which the distance may be 
more accurately measured by the stadia than otherwise, provided 
that every safeguard is duly observed. 

tbiangulahons. 

35. In making all triangulations for the purpose of obtuiiing- 
measurements across water or over precipitous slopes, the surveyor 
is expected to exercise his best judgment in the selection of the 
measured base, and he is required to adopt the best possible geo- 
metric proportions of the sides and angles of the triangle. A com- 
plete record of the measurement of the base, the determination of 
the atigles, the location and direction of the sides, and any other 
essential details of the problem will be required in the field notes, 
together with a small diagram to graphically represent the tiiangu- 
lation, but it is not considered necessary to include in the official 
field notes the process of the solution. The method of triangulation 
at all times must be sufficiently refined to produce reliable results, 
and when necessary to determine the value of an angle of a triangle 
with a precision of less than the least reading of the instrument, the 
method of repetitions will be employed. 

86* In its simplest form the method of repeating an angle consists 
in gightJTig upon a station, A, with the vernier of the horizontal cir- 
cle set at zero; the angle is then turned to the second station, B; the 
hwer clamp is now loosened and the telescope again set upon station 
A with the lower tangent motion without distutinng the angle first, 
turned, after which thb upper clamp is loosened and the angle turned 
a second time to station B. T^ie angle is thus ' 'repeated" two, 
three, or more times, and finally the multiple angle is read, which, 
when divided by the repeating; factor, gives a value for the angle 
much closer than the least reading of the instrument. For example, 
assume an instrument reading to single minutes of arc, and that a 
certain angle has been repeated five times with a resulting reading 
of 124® 32^; this gives a value of 24® 54' 24^'' for the angle, which if 
skillfiilly done is unquestionably closer than a single reading. In 
surveys which may require even greater precision both verniers are 
read and the angle is repeated as nearly as practicable to one com- 
plete turn of 360**, when both verniers are again read. The observer 
then reverses the telescope, and duplicates the process by turning 
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thQ aagle in the opposite direction, to eliminate instrumental enois, 
and filially takes a mean of the resulting lour readings, whicfai is di- 
vided by the proper factor. It is occasionally necessary in public- 
land surveying to repeat angles by the latter method, but th.e for- 
mer method is of more general use and will be found dependable 
and quickly executed. 

37. The base lines for triangulations are to be carefully measured, 
even to tenths of links if necessary, and the sum of the angles should 
be balanced to 180°, or redetermined if the disagreement is tpund to 
eocceed V of arc. 

88. The following examples, with the reductions added, are de- 
signed to illustrate the form of record of triangulations best suited 
for the official field notes: 



(a) Field record. 






Final field notes. 






Chains. 


S. 80* 66' W., on random line bet sees. 
19 and 30. 






4a 00 


Set temp. \ sec. cor. 


Angles. . 




72.20 


Top of precipltoas blufl; varttcal aogle 
to flag on random line— —32* 47'; 


50»36' 






93 20 






auxiliary flag bears 8. ao* 31' W.; 


36 05 






f rom flag on random line theaaxHiary 
flag bears S. 3* 16' W., 12.80ehs. dist; 
all bearings checked by direct read- 
ing of the solar, and all angles checked 


IWOO' 






Hot. hmm. of base by 


one chain 




by deflection: 


tf^)e- 12.80 chs. 














£««telKJI^»4aftt 


Dfst.-K.SO'?*^*^ 


1 J 


sinfi0"35 






IoeI2.S0 

''^ ato 36« 05' 


-1.107210 




-9.770087 




^1 J^ 




•0.877297 


' J yV^ 


" sin 60* 36' 


«9. 887926 




?// 


" 9»» 


-0.988371 


r 


Dtet. by tri. 


-9.76 chs. 




Dist. on random line — 73L20 obs. 


loghor. dist 


-0.989371 


Dist by tnangnlation - 9.76 


-1.819544 




A« OA 


" tan 32* 47' 


-9.808916 




Dist by return meas. — 2:84 


** 41& 


-2.617831 


iW^ «tfk 


Diff.eIev.-41Sft. 




79.12 


79.12 
Intersect W. bdy. of Tp., 14 Iks. B. of 
the cor. of sees. 19, 24, 25 and 3a 








, 






Thenoe 








8. 89* 58' E., onatnie line bet sees. 








19and30. 








Ascend gradually in valley. 






1.75 


Base of bad-land Uufl. bears N. and S.; 

predpitaus ascent of about 400 ft 
Top of bad-land bluff, bears N. and S.; 

thence over level prairie. 












6.92 


, .» 
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(6) 



Field record. 



Note.— Stadia wire ratio, 1:132.651: 
(c+/)-l.21k8. 

9.837 
9.830 



19.066 
Error-+.082 
(c+/)-+.01» 



•19.76 



J.ngUt. 
79*^ ir 
33 03 

e7 46 

iso'oeK 



Dtet^l9.7« SLS^ 



Bin 33*03' 



Ioc:19.7B 
^fiiii«7»4a' 



" 8£n83*03' 
*' 33.64 
Dist-bytrL 



- 1.2S6787 

- 9.966447 

1.262^^ 

- 9.736693 

- 1.52S542 
•33.54 chs. 



Final field notes. 



At the meander cor. at 57.30 chs. bet. sees. 
16 and 17, a flag on Indian Island bears 
N. 18* 41' W.; a point on a rock in the 
lake bears S. 82* 06' W^ stadia base to 
this point: 9.837 and 9. 839 ft, level, 
measured base impracticable; from point 
on island, flag on rock in lake bears 
S. 14* 2F W.; all bearings checked by 
direct reading of the solar, and all aogles 
checked by defection: 
Length of base ■- 19.76 chs. 

From m e a nd er oor. tois]and«-33.fi4oha. 




sr^^A* 



At the aboire point on Indian I^laodlram 
which the meander cor. at 57.30 chs. bet 
sees. 10 and 17, bears 8. IS* 41' %^»M 
chs. dist.;I 

Set a limestone, 38 X 10 z 6 ins.^ 21 ias. in the 
groord, for auxiliary meander oor. in sec 
8, mkd. A If C on S. fibce; from which 

A spruoe, 14 ins. d'am^ bears N. 42i* E., 
60 Iks. dist, mkd. T67NR43WBS 
A y C B T 

A fir-balsam, Oins. diam., bears N. 141* W., 
38 Iks. dist., mkd. T67NR43i¥^S8 
AMCBT. 



(O 



Ffisld record. 



Chaint. 



Final field notes. 



5th Gnide Iferidlan West, through T. 

14 N.. between Rs. 20 and 21 WT 
North, bet. sees. 13 and 18. 
Descend 225ft. over NW. slope, through 
heavT timber and dense under- 
growih. 
Difference between measurement U 
27.80 chs., bv two sets of chaiiymeny 
is 4 Iks.; position of middle point 
by 1st set— 27.78 chs., 
by 2d "-27.82 « , 
the mean of which is 
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Field record, con. 



Ati4- ?i-^- 18*09'40"(-(K") 
3 

" B-.^*— - SV 44'2O"(-09") 
« CU ^^-"^ == 80* 06'20"(-(»") 



27.80 



180"'00'20"(-20") 



IHst. -16.427 

log 16. 427 
"- sin 80* 06' 11" 



sin 80* 06^ 11'' 

sin 18* 09* 38" 
-> 1.215558 
-9.993488 



" " 18* 09' 38" 



<i 



51.92 
-f27.80 

79.72 



1.209046 
-9.493710 

-1.715336 



79.72 



Final field notes, oon. 



The south shore of Grand Lake» bears 

N. 62* E. and S. 48'* W. 
Set an iron i>ost, 3 ft. long, 1 in. diam., 

28 tns. in the ground, for meander 

cor. of frac. sees. 13 and 18, witli brass 

cap mkd. 




513 
R 21 W 



R20W 



1915 

from which 

A pine, 8 ins. diam., bears N. 84#* £., 
1051ks.dist., mkd.T 14NR20 WS 
18MCBT. 

A pine, 10 ins. diam., bears S. 26i*W., 
40 Iks. dist., mkd. T 14 N R ^ W S 
131CGBT. 

To make a triangulation across the lake 
I designate the above meander cor. 
point A and set a flax £ at pcdnt fcr 
meander oor. on north shore of lake, 
also a flag C on the north shore which 
from point A bears N. 18* 09* 38" E.; 
the base 5(7 bears S. 81* 44' 11" E., 
16.427 chs. dist.y the mean by trro 
sets of chainmen, 

by 1st set— 16.425 chs., 
by 2d "-16.429 " , 
longer base impracticable: the angle 
subtended at point Ci-80* 00* 11"; 
all angles by three repetitions with 
error of C 20" balanced to 180*. 

Distance across lake— 51.92 chs. 




The north shore of lake, bears 8. 83* K, 
and N. 75« W. 
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89* In practical field work triangulations are made only to over- 
come physical difficulties of measurement) and under the conditions 
genersdly presented a right-angled triangle ia likely to be less desir- 
able than an oblique triangle as the latter may be selected to fit tfie 
best topography for the base line. A stadia base may likewise be 
superior to a measured base as, for example, in extremely rough 
mountainous regions where possibly no obstruction would interfere 
with a good stadia determination even though a steel tape measure- 
ment of the same base might be .almost impossible, or involve 
great delay and expense. Under some conditions a double triangu- 
lation by independent bases may be highly desirable, one result 
as a check upon the other, whereby the mean of the two would be 
abetter value than either result alono. True efficiency demands a 
choice of the best methods to suit the peculiar conditions encoun- 
tered in each circumstance, and this must be left to the judgment 
of the surveyor. 

The subject of measurements is incomplete without a suggestion 
that each surveyor should devise a system of signals by means^ of 
which numbers and directions may be readily communicated from 
one member of a party to another; such signals will be found espe^ 
cially useful in long steel tape and stadia measurements and 
triangulations. 

INSTRUMENTS AND BEQUIBEMENTS AS TO THEIR ADJUSTMENT. 

40. The direction of all lines of the public land surveys, will be 
detemiined with reference to the true meridian as defined by the 
axis of the earth 's rotation . No departure fron this rule is authorized . 
Beginning with the Manual of 1S90 the use of the magnetic needle 
was prohibited except in subdividing and meandering, and then 
only in localities free from local attraction and with the use of 
suitably constructed needle instruments. The Manual of 1894 
required that all surveys of the public lands of the United States, 
embracing all classes of lines, be made with reference to the true 
meridian, independently of the magnetic needle, and this pro- 
hibition against the use of the magnetic needle was even more 
pronounced in the Manual of 1902. In the modem instruments the 
length of the needle and other details relating to its construction are 
sacrificed in favor of the vastly more important details of design of 
the transit and solar attachment, and it is not presumed that the 
needle of the modem solar transit will give results even as reliable 
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as those of a well-constracted needle compass. Many years' 
of the solar transit and of the solar compass have proven that 
paratively few localities are free from some local magnetic attract 
The needle has some value aa a check and for approximate ref erenc 
purposes under certain conditions, which need not be discussed 
the Manual, but the use of the needle as a means of determining 
direction of lines of the public-land surveys is now unqualified! 
prohibited. 

41* Each surveyor will be supplied with one or more instrumenl 
of approved construction suited to the conditions to be encountered 
in his field work. It is considered desirable to include in the recoid 
of every survey, at the beginning of the first book of field notes of ' 
every eet of returns, a description of the instrument used and the | 
gon^oral method by whi<^ the azimuth, determinations were accom- 
plished. The following paragraphs suggest the form of recced to ! 
be made: 

''Survey commenced August 1, 1915, and executed with a Bufi I 
'Rocky Mountain Eavmte' solar transit No. 9936, 1915 model, | 
with U-shaped standards, 4i*inch horizontal circle, 4-inch ver- 
tical circle, and improved Smith solar attachment; all aaamuth 
determinations are accomplished with the solar attachment except 
the special observations upon Polaris and the sun for meridian upon 
which to test the solar apparatus as stated in the field notes." 

*' Survey commenced July 28, 1909, and executed with a Young A 
Sons mountain transit, No. 8070, 1907 model; the instrument is 
equipped with a full vertical circle and the Smith solar attachment; 
unless otherwise specified all aamuth determinations are aooom- 
pUdied with -the solar attachment.'' 

"Survey conunenced May 7, 1906, and executed with a Burt solar 
compass inade by W. & L. E. Gurley, 1905 model; unless otherwise 
specified all azimuth determinations are accomplished ydUx the 
solar compass. The Polaris observations in camp are made with a 
Keuffel & Esser mountain transit No. 9699, 1903 model." 

42. The proper supervising officer will carefully examine all 
instruments to see that they are in first-class condition for field 
work, but the burden of the final test is placed upon the surveyor 
who uses the instrument, as in every case the approval of an ins^u- 
ment will be made conditional upon satisfactory field test, the 
record of which will be stated in the field notes. 

43* The record of the field test of the instrument should emfaiaoe 
a comprehensive statement of fact as to date, locality, and oandi- 
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tion of the incrtnimental adjustments. The data reUkUve to the 
independent observations for meridian should be included in -.the 
record, and the lunctionB of apparent time, latitude and sun!s 
declination will always be given in connection with the meridional 
tests of solar instruments. Various forms of record will be found 
in connection with the examples of observations and reductions 
given on the following pages. 

44. When a transit without solar attachment is employed, Pol^ifi 
observations, or direct altitude observations upon the sun, necessazy 
to execute the work in accordance with existing law and the require- 
ments of these, instructions will be insisted, upon. Observations 
upon Poliuds, or direct altitude observations upon the sun, at ft^ 
quent intervals, will be necessary to secure accuracy in the. pcy- 
jection of transit reference lines, when solar apparatus is not used. 
The method of ttaiisferring the azimuth determined by the meii* 
dional observations to the surveyed lines will distinctly appear in tl^e 
field notes. 

45. Surveyors using instruments with solar apparatus will be re- 
quired to make azimuth observations on Polaris,, or direct .altit]ii4e 
observationB upon the sun, at the beginning of every survey, to test 
the accuracy of the solar appai:atus, and (fubeieqiient tests will^be 
required at least at the beginning of the subdivision of every town- 
ship. ,. . . . 

46* A test at the conclusion of a survey is necessary in order po 
prove the. continued proper projection of transit lines or the con- 
tinued satisi^tory adjustment of tbe . solar apparatus during tifc^ 
survey. A book of field notes pf the smrvey of standard lin^»j9r 
of township exteriors, will therefore show pr^liminmyand fina^,aai- 
muth observations for th^ projection of transit Uxies, pr preliminii^ 
and final observations and tests iof the adjustment, of the solar Hippstr 
mtus, and intermediate te9t», to cpmply with the requirementp'of 
the preceding paragraphs* ^The satb&bctory eonditifm'of.tbe'fv^^r 
apparatus at the conclusion of the subdivision of a.toiwnship^ei^^ 
cuted with the solar apparatus may, if so de8ired, be^ shown b|r #i^ 
cific referepee jbo.the next fwicoeeding> test preliminary to commmi^- 
ing the mibdivifflon of another township included in the same, s^sils 
of books of subdivisional notj^Sr A careful purveyor will inakQ.ii 
sufficient number of tests to satisfy himself at all times of , the acjim- 
racy of his aJinement, but it is not intended to burden the sunr^yer 
or the field notes with superfluous evidence in this 
matter. 

55465'— 3 
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. GBNBRAIi STATBMKNT» TJMB, UOTKUDfL AND AZIMimU 

47. When considering the foUo'vring treatment of field methods of 
determination of time, latitude and azimnth,'the snrveyor should 
bear in mind that a small error, either in assumed latitude or azi- 
muth, produces only a slight effect in time, and when all are un- 
known the order of sequence in their determination should be that 
of time, latitude and azimuth. Time may be readily determined 
by the surveyor with an error not to exceed 10 seconds, while lati- 
tude and azimuth are readily determined with an error not to exceed 
V 00"; the stated limits of error are not unreasonable where any of 
the methods herein described and authorized are employed; small 
enoTB in assumed longitude may be neglected in the determinatioD 
of time, latitude and azimuth. 

The following methods are limited to observations upon the sun 
and the north star, Polaris, and are arranged to facilitate the sui^ 
veyor's wcirk under all conditions encountered in the field, without 
involving more than an elementary understanding of aBtronomical 
technology. The tables and formulas published in the Standard 
Field Tables, and the complete daily ephemeris of the sun and 
Polaris and the tables of azimutiis of Polaris, pubMshed in the 
''Ephemeris," are designed primarily for the convenience of the 
public-land surveyors in the field, thus encomraging a general use 
of approved modem methods, consistent at all times with the sur- 
veyor's clear understanding of underlying principles involved. 

All reference to tables and formulas, <x to the daily fnnctionfl of 
the sun or 1EV)larfB, that follow herein, relate to the above supple^ 
ments to the Manual, and when necessary to use conventional nota- 
tion in the demonstrations that follow, the same agrees with that 
Elio?m in detail in the Standard Field Tables. 

Withrelation to the subject of records of observations as the same 
should appear in the official "field notes of a survey, it must be 
granted l&atit is absolutely necessary to state all of the special basic 
fiuictio&s of an observation, but it is quite unnecessary to include 
the process of reduction, except in unusual cases; thus the field 
notes should be complete in every respect, and it is the piupoee to 
insist upon this requirement without invdving that which is xuies- 
eential to the record. In general also, no attempt is warranted by 
which the surveyor may endeavor to make his results by analytical 
reduction appear to be more accurate than justified by the refine- 
ments of the observation upon which a determination is based ; but 
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it is good practice not to discard the various small elements, fractions 
or decimal parts of the record value of a fimction until the result is 
ascertained, whereupon the insignificant figures may be disposed of. 

ANALYTICAL NOTATION, DECLINATION AND EEFRACTION. 

4S« f^: The symbol for approximation; this symbol signifies in- 
equality, but it is used in a relatioix representing an inequality 
which approaches equality. 

Zen/f/i 



North 
Pote 




Fig. 4. 
The '*pole>zonithrsun" triangle as viewed from outside of the celestial sphere. 

49. V : Observed vertical angle ; in altitude observations on the sun, 
the reductions to the sun's center both vertically and horizontally, 
as well aa instrumental errors, are eliminated by taking direct and 
reversed observations on the opposite limbs of the sun, and the mean 
observed vertical angle to the sun's center will be designated v in the 
notation. In single observations the vertical reduction to the sun's 
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oenter»16^; a refinement is had by refening to the ^'Ephemeria'' 
for the value of the suu's semi-diameter for the date of obeervation. 

50* h: True vertical angle to the sun's center^ or to Polaris, in alti- 
tude observations, after correction for refraction: ^=v— refraction in 
zenith distance; a refinement is had in altitude observations on the 
sun by adding the value of the sun's parallax==8^''.9 cos r, opposite 
in effect to refraction, which results from the observer's position 
above the center of the earth. 

51. T- Zeta: true zenith distance of the sun's center: 

Examples of the relative use of r, refraction, parallax, h and i". 



Fiold record. 



Tele- 
scope. 


Watch 
time. 


Horizontal Vertical 
angle. I angle. 


Sun's 
limbs. 


Dir. 
Rev. 


3 58 48 


65' (K 0" 
64 45 


26* 2(K 0" 
25 31 




Mean 


3»»57m53" 


64** 52' 30" 


25«» 25' 30" 



Final field notos. 



V = 

IiefractiQn<>= 

Parallax =a 

r- 



25" 25' 30" 
- 2' 0" 
+ 0' 8" 

25^ 23' 38" 
64«» zer 22" 

OO" O' 0" 



Mar. 18, 1910, 1 make 
an altitude obser- 
vation upon the sun 
for time and azi- 
muth, maWng two 
observations, one 
each with the tele^ 
scope in direct and 
reversed positions, 
observing opposite 
limbs of the sun. 

Mean watch time of 
observation, 3h 57m 
53s p. m. 

Mean borisonta) an- 
gle from flag S. to 
sunSW.,M*fi2'30". 

Mean observed verti- , 
cal angle 25*^25^ 30". 



Example of vertical reduction to the sun's center. 



Field record. 




Sun's lower limb 
Reduction to sun's center 


-25* 20' 

- +16' 


0" 

6" 


Sun's center, v 


^25^ 36' 


6" 



V -25° 36' 6" 

Ilcfraction - - 2' 0" 

Farallax - + 0' 8" 



h 
f 



-25* 34' 14" 
-64* 2^ 46" 

90' 0' 0" 






Final field notes. 

Mar. 18. 1910, 1 make 
an altitude obser- 
vation upon the sun 
for time, observing 
the sun's lower limb 
only; failing to ob- 
serve the sun's up- 
per limb In the re- 
versal of the transit 
on aoooont of doodle 

Watch time of obser* 
vatioDy Ui fiOoi 
p. m. 

Observed vertical a; 
gle to sun's iow< 
Umb,25*20'(y', 
reeted to tba son 
center-25* 3G' 6' 
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62. ^: Phi: Latitude of the station of observation. 

53. X: Lambda: Longitude of the station of observation. 

54. S: Delta: Declination of the sun or Polaris; to be taken from 
the Ephemerifl for the date of observation; the declination of the 
gim is to be corrected in hourly difference to the longitude of the 
station and to the time of observation; north declinations are treated 
as positive and south declinations as n^ative; a northerly hourly 
motion is treated as positive and a southerly hourly motion is treated 
is negative; in the use of the solar attachment the declination of 
the sun is to be corrected for refraction in polar distance, always 
north. 

Examples of computation of the sun^s declination. 

(a) It is desired to compute the value of the sun's declination for 
the above altitude observation upon the sun for time and azimuth. 
Loogitudeof the station of observation, 5** 8™ W.; apparent time of 
observation, 3^ 42^ p. m.: 
Declination of the sun at Greenwich apparent noon 

Mar. 18, 1910 =1^ ir Z'' S. 

Difference in time from Greenwich apparent noon 

to apparent time of observation: 
For longitude =» 5^ 8" 
For time, p. m. =4-3 42 

8.83>»=« 8»» 50" 
Hourly difference in declination» +59^^-28 
Difference in declination from Greenwich apparent 
noon to apparent time of observation: 
8.83X60.28=623"" mm 8' 43"" N. 



True declination of the sun P 2"20^"S. 



(6) It is desired to prepare, by computation, a table of hourly 
declinations of the sun, corrected for refraction in polar distance, 
for use with the solar attachment, for a date March 14, 1912, and for 
a station in latitude SS"" 10" N., and longitude 7^ 47^ W. 
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2® 33^ 28^'^. 6 S. saDeclination of the san at Gieenwich apparent 

noon, Mar. 14, 1912. 
Difference in time from Greenwich apparent noon 
to 7 a. m., local app. time: 

For longitude « 7h47m 
For time, a. m., 12»^-7»» 0°» « (-) ^ 0_ 

2.78^= 2«» 47» 
Hourly difference in declinationsa=+59^'^.2. 
1^ W,h N.s Difference in declination from Greenwich apparent 

noon to 7 a. m., local apx>arent time: 2.78X59.2== 
164^^5. 

2° 30^ 44'''.1 S. ==True decUnation of the Bun, 7 a. m., local apparent 

==^= time. 



Local apparent time. 


Triio decllna- 
tian. 


Befraction. 


BecUnstlGn 
setting. 


7 a. m 


2» 30' 44" S. 
2 80 14 
2 29 45 
2 28 46 
2 27 47 
2 20 48 
2 25 49 
2 24 50 
2 23 51 
2 22 52 
2 21 53 
2 21 23 
2 20 54 


2' 41" N. 
1 48 
1 22 
58 
47 
43 
41 
13 
47 

58 

1 22 

1 48 

2 41 


2* 28' 3" S. 


7i 


2 28 26 


s:::::::::::::;:::::::::::::::::::::::: 


2 28 23 


9 


2 27 48 


10 ^,... 


2 27 


11 a. m 


2 26 5 


Noon 


2 2S 8 


1 p. m 


2 24 7 


2^: !t:a":::....:::.::. .:::::. .:::::. 


2 23 4 


3 


2 21 54 


4 


2 20 31 


Ak 


2 19 35 


z' ...• 

5p. m 


2 18 13 


w fr» mMM.m ................................ 





(c) It is desired to prepare, by computation, a table of hourly 
declinations of the sun, corrected for refraction in polar distance, for 
use with the solar attachment, for a date August 12, 1912, and for a 
station in latitude 47^ W N., and longitude 1^ 24» W. 
15® 1^ ^'' N.=Declination of the sim at Greenwich apparent noon, 

Aug. 12, 1912. 
Difference in time from Greenwich apparent noon to 
6 a. m., local app. time: 
For longitudes- T" 24« 
For time a.m., 

12»»-.6^ 0n= (-)6 
1.4^= V 24" 
Hourly difference in declination= — 45'''.1. 
Y 3// s.=Difference in declination from Greenwich apparent 
noon to 6 a. m., local apparent time: 1.4X45.1«s63''. 
15° (K 3^'' N.— True declination of the sun, 6 a. m., local apparent 
II time. 
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Local apparent time. 


TraddeeUna- 
tion. 


K«frao- 
tiQn. 


Deelinatton 

setting. 


6 R. m . . . . , - - - 


15* 0' 8"N. 
14 59 40 
14 59 18 
14 58 33 
14 57 48 
14 57 3 
14 56 18 
14 55 33 
14 54 48 
14 54 3 
14 53 18 
14 52 33 
14 51 48 
14 51 26 
14 51 3 


8' 29*'N, 
Z 33 
1 46 
1 9 
52 
42 
39 
37 
39 
42 

52 

1 9 

1 46 

2 22 

3 29 


15* 3' 32" N 




15 2 3 

15 1 4 


7.... 


g .. 


14 59 42 


9 ,... 

10 


14 58 40 
14 57 45 


\\ A Tin ,.- - 


14 56 57 


N''V>'n. ,.-.., .r-,r T--- 


14 56 10 


l p. TTl... . 


14 55 37 


2«......... •-. 


14 54 45 


3 


14 54 10 


4 


14 53 42 




14 53 34 


fi 


14 53 48 
14 54 32 







1. 



(d) A graphic method for ascertaining the dianging declinations 
of the aon, corrected for refraction in polar distance, for use with the 
Bolar attachment, is obtained by the use of a diagram constructed on 
croaB-section paper for each date, as follows: 

The horizontal lines may be used to represent each hour of the day, 
and the vertic^ lines may represent ;intervals of V ia declination. It 
is convenient to use the right-hand side of the sheet to r^yresent N., 
and the left-l^md side of the sheet to represent S., or to have N. 
declinations increase numerically to the right-hand side of the sheet, 
and S. declinationa increase numerically to the left-hand side of 
the sheet. The vertical lines are numbered to suit the range of 
declination of the sun for the date. Two points are marked on the 
diagram to agree with the true declination of the sim; the first point 
is marked with the argument of declination agreeing with the 
declination of the sun taken from the ^phemeris for Greenwich 
apparent noon and with the argument of time agreeing with the local 
apparent time coiresponding to Oreenwich noon; the second point is 
marked agreeing with the proper declination and time 10 hours later; 
the straight line determined by the two points agrees with the sun's 
true declination for the date for the local apparent time . The proper 
refractions in polar distance axe then scaled from the straight 'line 
to the N. for each tabulated refraction, a. m. and p. m., taben from 
Table 23, Standard Field Tables, appropriate to the latitude of 
observation and declination of the sun; the locus of the latter 
points is a smooth curve representing graphically the declinations 
of the sun, corrected for refraction in polar distance, for use i^th the 
solar attachment. The scale of the refractions must equal the scale 
of the intervals of .1' iu.decUuatiQn, and the Refractions are laid off 
alon^ or parallel to the horizontal lines and not normal to the line of 
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true declination. At any time throughout the day the proper 
declination for use with the solar attachment is obtained by reference 
to the curve at the point corresponding to the tune of observation. 
To obtain any true value of the sun's declination for use in the 
reduction of altitude observations reference may be made to the straight 
line of true declination at the point corresponding to the time of 
observation. 

The advantage of the diagram method is found in the practical 
elimination of errors of computation, and the ease with which it is 
checked, together with the ^t that in the use of the diagram actual 
values are obtained at any time without any process of interpoifttion. 

The following diagrams have been prepared to illustrate the 
method: 

DIAaKAJC or THE StJH'S DEOINAnOKS. 



f 



.4 

5 
6 

7 

8 
9 
10 

If 

Noon 

I 

2 

3 

5 
PM.6 



Date, Mar. 20, 1912. 
Station: Lat.->37'' W N. 
Long.«7^ 30» W. 

Dedmation, 

Greenwich noon=0*» 11' W^ S.«=4>« «>■ a. m. 
Diff. 10»», +60y^^ 09 53 N. 
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nAQKAk OF THS SUN'S D'BCinCA'nCKS. 

Date, Sept. 23, 1913. 

Station: Lat.=47** Z(/ N. 
Long.=6»» 18- W. 
Greenwich noon^O** 03' ^^ N.=6* 42« a. m. 
Difif. lOS -58y'« 9 45 S. 

0^0^50^=3^ 42» p. m. 



.vi 



W) 



oo>eor«»<o«ft«>t foo* 



o 
O 



— Nro«4'»ou>r^«0 



S 
6 
7 
8 

K) 

II 

Noon 
1 

2 

3 

4 

5 

P.M.6 































y 


/ 






• 
















• 










-J 


/ 
































y 


/ 
































/ 


/ 




^ 








- 




















-/ 


y 


y 


y" 


























/ 


k 




/ 
















, 










^ 


r 


^ 


/ 




— ■ 


























/ 


/ 
































/ 


/ 
































K 




r 






























/ 






^ 




















• 




. 




/' 

































Fi9.6. 



• 66. A: Azimuth angle from the true meridian to Polaris, or to the. 
sun's center; in the following analytical examples A is referred to 
the nortih point unlesA^ otherwise noted, and the reductions are syin- 
metrical either east or west of the meridian; all determinations for 
azimuth imply the recording of horizontal angles from a fixed refer- 
ence poiat to Polaris or to the sun, or that a point has been marked 
on the ground to define the direction of observation; the mean 
horizontal angle in the first case, or the mean point in direction in 
the second instance, being used. 
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In the first of the foregoing examples of the relative use of v, h 
and ^, is shown the record of certain observed horizontal angles 
from a fixed reference point to the sun's limbs^ and now for the pur- 
pose of clearly stating the use of the notation A, the final reduction 
of that observation is here anticipated, in which the following result 

is obtained: 

Sun^s azimuth. 

Referred to the N. point, A=N. 114*» 07' 28^' W. 
Referred to the S. point, A==S. 65° 62^ 32'^ W. 
Recorded mean horizontal 

angle from flag S. to the 

sunSW =^ S. 64^ 52' Zi/^ W. 

True bearing of flag =^ S. I*' OC 02'' W . 

In general in altitude observations upon the sun it is convenient 
to record horizontal angles from a fixed reference point to the sun's 
limbs; this method is preferable in view of the rapid motion of the 
sun and the advantage of minimizing the period of the observation. 
In observations ui>on Polaris the same method is often convenient, 
and at other times it may be more convenient to mark points upon 
the ground to define the direction of observation, taJdng a proper 
mean of the several points to define the true line of sight to Polaris. 

Under adverse conditions an altitude observation upon the sun 
for azimuth may fail in the reversal of the transit on accotint of 
clouds or error in reading one of the angles of a series of observa- 
tions, in which case it may be desirable to reduce the single obsesrva- 
tion upon the sun's limbs to equivalent corrected readings to the 
sun's center. In single observations on the sun, the reduction to 

16' 
the sun's center in azimuth = : a refinement in the value of the 

cos v^ 

sun's semi-idiameter is had by referring to the Ephemerisfor the date 
of observation. 

An example of reduction to the sun's center in both vertical and 
horizontal angles follows: 
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Field record. 



Q- Vertical angle to sun's 

' lower U A -SS'aO'OO'' 

Son's semi-cliameter for r»- 

dnotiOD to center i- +16' 06" 



Son's center, 



-25»36'06" 



Hot. angle from flag S. to 

sun's right UmbTsW. •.66'00'00" 
Rednctian to son's osn* 

ter. 
16' 1 

COS 26' 36' •'' — x/ 04 

Hor. angle from flag S. to 
son's center, 8W. ^-64* 42^ 06" 



Final field notes. 



Mar. 18, 1910, 1 make an altitude observa- 
tion upon the son for admoth, observ- 
ing the sun's lower and right limbs only; 
fEUjing to observe the sun's upper and 
left limbs in the reversal of the traittit on 
account of clouds: 

Apparent time of observatlan, 3h 42iap. m. 

observed vertical angle to sun's lower 
limb, 25" 20' 00", corrected to the son'ft 
oenter-25<'36'06''. 

Observed horizontal angle to sun's right 
limb from flag S. to sun SW., 65** OO' 00", 
corrected to the sun's center -iOi** 42' 06". 



56. Tables of mean refractioiiB both in ssemth and polar distance 
appear in the Standard Field Tables, arranged to meet the require- 
ments of field use; see Tables 20 «nd 23. A table of coefficients to 
apply to mean refractions in zenith or polar distance for variatiems 
in atmospheric pressure and temperature to obtain true values of 
refractions is given to meet occasional necessity for its use, see 
Table 21. In the absence of a barometric instrument to determine 
the atmospheric pressure, the argument *' approximate elevation 
above sea level" may usually be safely substituted. The differ- 
ences between the true and the tabulated refractions are generally 
small and negligible excepting for the combined effect of low appar- 
ent altitude of observation with great elevation above sea level or 
extremes of temperature. The following example of reduction 
illustrates the method to be employed in all reductions from the 
tabulated refractions: 

Tabulated refraction —6^ 45^^=6''.75; elevation above sea level 
«=10,000 feet, for which elevation the coefficient is 0.70; tempera- 
ture at the time of observation =82® F., for which temperature the 
coefficient is 0.94; true refraction =0.70X0.94 X6'.75«4'.44=«4'26''. 

TIME.. 

67* The element of time enters into all azimuth deteiminationB 
to such an extent that the surveyor should be able to arrive at the 
exact apparent time of all observations upon the sun and the exact 
local mean time of all observations upon Polaris . The sun's declina- 
tion varies with the apparent time and the longitude west from 
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Greenwich, and enters directly into all obeervations upon the sun 
for azimuth; thus the apparent time and longitude should be known 
to a degree of accuracy commensurate with the refinement necessary 
in computing the sun's declination. The azimuth of Polaris varies 
with the local mean time of observation, which must be known to a 
d^ree of accuracy consistent with the result wanted in the deter- 
mination of the true meridian. In observations upon Polaris at 
elongation precision in local mean time is unnecessary, but in hour 
angle observations upon Polaris it will be noted that at upper or 
lower culmination, in latitude 40® for example, Polaris varies 1' in 
azimuth in about 2.5 minutes of time; this interval of time slowly 
increases toward elongation and in the latter position more than 
30 minutes of time are required for a change of V in azimuth. 

58. Conversion of standard time into local mean time: watch read- 
ing d: watch error in standard time by comparison ±, correctiosi for 
longitude; the correction for longitude is additive east and sub- 
tractive west of the standard meridian of the time belt; the con- 
version table ''degrees to time" (Table 18, Standard Field Tables) 
is convenient in this reduction. 

E^uunple oi conversion of standard time into local mean time; 
longitude IT" W 37'^6 W. : 

Watch time of observation =6^ 26» 40* p. m. 

Watch slow of 75th meridian standard time by 

comparison with a standard clock = -f-l» 22" 

Correction for longitude of station 

(77*» 01^ 37''^5 W.«5»^ 08* 06.5») = -8"» 06» 

Local mean time of observation =6^ 19" 56" p. m. 

59. Conversion of apparent time into local mean time: apparent 
time of observation ± the equation of time; the equation of time is 
to be taken from the Ephemeris for the date of observation and cor- 
rected for the longitude and time of observation, conveniently 
interpolated as the interval from Greenwich noon to the time of 
observation; the watch error in local mean time is then found by 
taking the difference between the watch reading at the epoch of the 
observation and the reduced local mean time of observation. 

Example of conversion of apparent time into local mean tiniQ; 
longitude 77*? Ol'' 37^^6 W. : 
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Mar. 18, 1910, apparent time of altitude observa- 
tion upon Bun »«3^ 42"^ 11' p. m. 

Equation ol time, Greenwich ap- 
parent noon +8» 23.4' 

Interpolation for longitude of station 
511 ogm \^ ^ aj^(| ^^Q q£ observation 

3*» 42», p. m., 8^ 50« after Green- 
wich noon, or 8.83/24 of change 
(17.64-) in 24 hours « — 6. 5' 



Equation of time -|-8» 16. 9" +8« 17' 

Local mean time of observation =3** 50" 28" 

Watch time of observation =3** 57"* 53' 



Watch fast of local mean time = 7" 25* 



TIME IN ITS RELATION TO POLARIS OBSERVATIONS. 

60* Polaris, a star of the second magnitude, occupies a position 
in the northern heavens a little more than 1^ from a hne defined by 
the axis of the earth's rotation, and on accoimt of its brightness and 
proximity to the polar axis it ranks to the surveyor as the most useful 
circiunpolar star. It will be assumed that the siu^eyor has learned 
how to identify the north star among its associates in the clear starlit 
heavens, especially with reference to the "pointers** in the con- 
stellation of the "Great Bear/' which is popularly called the " Dip- 
per." Polaris (a Vrese Minoris) is nearly on a line (or great circle) 
determined by the pole and the star "8 Cassiopeise," and both stars 
are located in the same direction from the pole. The same line (or 
great circle) passes near the star " f TJrsce Majoris " (another star of 
the " Dipper"), but the latter star is located on the opposite side of 
the pole. The surveyor may note the relative position of the three 
stars aforementioned, if it is a clear night, and this will give an im- 
mediate indication of the approximate position of Polaris in its di- 
urnal circle at such time of observation. The novice should secure 
field demonstration in these details from an experienced observer. 
The three stars named are all of about the same brightness. In- 
structions will follow (sec. 99) regarding the positive identification 
of Polaris by instrumental methods during the twilight period, be- 
fore the star is visible to the naked eye, and the same process may 
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I' Star Magnitudes 

y? 3 ^ s 



t 






/ 



,0' 



• vi / ^ 









(o«^:>r-^-^'^ J 



^ 



NAKED-EYE IDENTIFICATION OF POLAKIS. 

Almit noon Uarah 33id. 
About 6 a. m. Jane 22nd. 
About midnight September 22nil. 
About 6 p. m, December 22nd. 
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I 

be employed £or veiifioatioo of night obeecvations, if there ahould 
be any doubt as in caee the neighboring constellations are obscured 
by clouds. 

A skillful surveyor can readily observe Folaijs at sunset or sunrise 
without artificial illumination, and with a very clear atmosphere 
can perform the observation when the sun is as much as 20. ot 30 
minutes above the horizon. At any time that Polaris is visible any 
one of the various methods of Polaris observation for' meridian, 
properly followed, is superior to any form of observation upon the 
sun for the same purpose. In general, in public^land surveying, 
the best of all practices is found in the proper use of a solar instru- 
ment adjusted to the true meridian as established by Polaris obser- 
vation. 

Polaris has a diurnal circle about the earth's polar axis similar to 
the diurnal circle of other stars, though Polaris has the smallest circle 
of any naked-eye star. The daily circuit of Polaris is covered in one 
ridereal day of 24 sidereal hours, or an equivalent of 23 hours 5G 
minutes 4.09 seconds of mean solar time. In its diurnal circle Polaris 
crosses the meridian twice, once at upper culmination, or above the 
pdjar axis, and once at lower culmination, qr below the po}ar axip. 

The direction of th^ apparent motion of Polaris is suggested by the 
following diagram: 



w,e. 




The pointings of the arrows on the above circle indicate the direc- 
tion of the apparent motion of Polaris in its diurnal path, while the 
pointings of the arrows on the lines tangent to the circle show the 
direction of travel at the epochs of culmination and elongation. If 
the surveyor has any doubt in regard to the quadrant occupied by 
Polaris in its diurnal circle at the time of an observation, he may set 
the intersection of the telescope cross- wires exactly upon the star, 
then, without moving the instrument, note the direction of the star's 
motion and compare with the diagram. 
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The poation of Polaris in its diurnal drcle at any time may be 
determined by reference to the mean time interval ^rom upper cul- 
mination to any observed position west of the meridian, or by refer- 
ence to the mean time interval/rom any observed position eeut of the 
meridian to the succeeding upper culmination. 

61. The Greenwich mean time of upper culmination of Polaris is 
tabulated in the EphemeriB for every day in the year, airanged for 
the ordinary civil date, a. m. or p. m. 

62* Local mean time' of upper culmination of Polaris: the Green- 
wich mean time of upper culmination of Polaris is to be taken from 
the Ephemeris for the date of observation ; the amount to be subtracted 
from the Greenwich mean time of upper culmination o! Poiaris 
to obtain the local mean time of upper culmination, in which the 
Argument is the longitude west from Greenwich, is obtained from 
the table of sidereal conversions without computation; see Table 19, 
Standard Field Tables. 

Example of reduction from the Greenwich mean time ci upper 
culmination of Polaris to the local mean time of upper culmlnatJon 
of Polaris, longitude 111'' 15^ W. : 

Aug. 12, 1910, Gr. U. C. of Polaris=4^ 08.3"^ a. m. 
Red. to long. 111° 15^ W., 1« 13' = - 1.2 

L. M. T. of U. C. of Polaris =4^ 07.1"^ a. m. 



B3. The Greenwich mean time of elongation of Polaris, latitude 
40°, is tabulated in theEphemeris for every day in the year, arranged 
for the ordinary civil date, a. m. or p. m. 

64. Local mean time of elongation of Polaris: the mean time of 
elongation of Polaris, Greenwich meridian, latitude 40°, is to be 
taken from the Ephemeris for the date of observation: the amount 
to be subtracted from the mean time of elongation of Polaris, Green- 
wich meridian, latitude 40°, to obtain the mean time of elongation 
of Polaris, local meridiaA, latitude 40°, in which the argument is the 
longitude west from Greenwich, is obtained from the table ot side- 
real conversions (Table 19, Standard Field Tables) without compu- 
tation. The amount to apply to the local mean time of elongation 
of. Polaris latitude 40° to obtain the local mean time of elongation of 
Polaris at the latitude of observation is tabulated in the Ephemeris 
in connection with the table of azimuths of Polaris at elongation. 

Examples of reduction from the Greenwich mean tune of elen^ 
^^"^ of Polaris, latitude 40°, to the local mean time of elongation of 
latitude 64° 30^ N., and longitude 146° 30^ W.: 
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plily the text. By this meaiu one ccmfuaing step in the problem 
lelatiBg to hour anglee for positioiiB of Polaris east of the meridian ia 
avoided. Polaris crosses the meridian at lower culmination at an 
hour angle of 11^ 58"^ 02*, and in the arrangement of the various 
examples, the observatious west of the meridian have been referred 
to the last preceding upper culmination, and those east of the merid- 
ian have been referred to the next succeeding upper culmination, 
thus avoiding the introduction of any hour angles exceeding 1 1^ 58^ 
02-. 

Examples of computing hour angles of Polaris; oil taken out lor 
longitude IIV** 15^ W.: 

West o/Uie meridian^ p. vi. ohsn.f U. C. in p. m. 






L. M. T. of obsn., Feb. 18, 1911 

Gr. U. C. same date =^Z^ 36. 5» p. m. 

Red. to long. 117^ 15^ W.- - 1. 3 

Hour angle of Polaris,- -vfest 



i5* 20. 1« p. m. 
>3 35.2 p. m. 



a*44 9» 



West of the meridian^ p. m. oben.j U. C. in a. m. 




L. M. T. of obsn., May 14, 1911 

Gr. U. C. same date «10»» 02. 1» a. m. 
Red. to long. 117*» W W.« -1. 3 

Hour angle of Polaris, west 



f+32 

I 7* 12. 4« p. m. 

= 10 0.8 a. m. 



= 9^11.6"^ 
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WeH of ike meridian, a. w* oban., U. C. in p. m. 




L. M. T. of obsn., Nov. 3, 1911 

Gr. U. C, Nov. 2 ^lO^ 43.9« p. m. 

Red. to long. 117° 15^ W. -1.3 

Hour angle of Polaris, west 



1+12 

]= 6»» 31.6» a. m. 

=10 42.6 p. m, 
= 7»»49.0"^ 



We9t of the meridian^ a. m. obm., U. C. in a. m, 




L. M. T. of obsn., Aug. 11, 1911 

Gr. U. C, same date =*4^ 13.6» a. m. 

Red. to long. IIT** 1^ W. -1.3 

Houf angle of Polaris, west 



= 5^ 05.9'* a. m, 
= 4 12.3 a. m, 

, , I III - -^ - 

« 0*» 53.6» 



East of the meridian, p. m. obsn., U. C. in p. m» 




Gr. U. C, Dec. 20, 1911 
Red. to long. 117° 15^ W. 

L. M. T. of U. C, Dec. 20 
L. M. T. of obsn., same date 

Hour angle of Polaris, east 



7»»34.8»p. m. 
-1.3 



7 33.5 p. m. 
4 35.1 p. m. 



2»» 58.4» 



so 
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Hoit of the mmdian^ p, m. ahm.t U, C. in a. m. 




Gr. U. C, Sept. 2, 1911 
Bed. to long. 117^ 15^ W. 

L. M. T. of U. C, Sept. 2 
L. M. T. of obsn., Sept. 1 
Hour angle of Polaris, east 



2* 47.4» a. m. 



J=a 2 46.1 a. m. 
1+12 
« 6 34.0 p. m. 

8^ 12. 1« 



East of the meridian, a. m. obsn., U. C. in p, m. 




Gr. U. C, Mar. 19, 1911 
Red. to long. 117^ ly W. 

L. M. T. of U. C, Mar. 19 
L. M. T. of obsn., same date 
Hour angle of Polaris, east 



l** 42.1"* p. m. 
-1.3 



j» 1 40.8 p. Ztt. 
1+12 
« 6 06.6 a. m. 



7*» 34.2' 
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Bast of the meridian^ a. «. obm., U, C, in a, m. 




Gr. U. C, May 18, 1911 
Red. to long. 117*» 15^ W. 

L. M. T. of U. C, May 18 
L. M. T. of obsn. 

Hour angle of Polaris, east 



« ^ 46.4» a. m. 
= -1.3 

«= 9 45.1 a. m. 
= 4 42.9 a. m. 
= 5»»02.2» 



67. By reference to the preceding diagram showing the directipn 
of motion of Polaris in its diurnal circle, /#/»^A 

the motion at western elongation is shown 
to be vertically downward, and at eastern 
elongation, the motion is shown to be ver- 
tically upward. At the epoch of either 
western or eastern elongation the motion 
of Polaris in azimuth is zero. 

At the equator, if Polaris could be ob- 
served, the hour angle of Polaris at elon- 
gation would be 90** (K (K^«6^ 0« 0> 
sidereal hour aQgle~5^ 59" 1.02» mean 
time hour angle, but as stations of ob- 
servation are occupied in the higher 
latitudes the hour Migle of Polaris at 
elongation decreases progressively. The 
reason for this is found in the fact that 
all vertical planes intersect at the ze- 
nith, and the point of tangency of a 
vertical plane with the diurnal circle of 
Polaris occurs at points corresponding 
to decreasing hour angles with the higher 
latitudes. The "spread" of the two 
vertical planes intezsecting Polaris at 
eastern and western elongation increases 
inth the higher latitudes, giving in- 
^xeoBOBg azimuths at elongation with the more northern latitudes. 




Moriwon 
Fio. 8.— Tile meridian and 
vertical . planes tangent to 
the diurnal circle of Polaris 
as viewed from insldo of the 
oelestial sphere. 
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68. Mean time hour angle of Polaris at elongation: t^Bthe aidereai 
hour angle in angular measure; this converted into time measure, 
and this in turn converted from a sidereal time interval. into a mean 
time interval gives the mean time hour angle of Polaris at elozigation: 

Cos ^=scotan 5 tan <t* 

Example of computing the mean time hour angle of Polaris at 
elongation, April 3, 1915, in lalitude 65^ O'^ K., on which date the 
declination of Polari8=88° 51' 2(K' N . : 

<^=65^ (y; 
5=88° 51' 20''; 

Sidereal hour angle 



log tan0 
" cotan« 


= 0.331327 
==» 8.300530 


'* cost 


=* 8.631867 
=87'»32'41" 




87°=5^ 48» 
32'— 2» 08* 
41"- 3- 


iiour angle 


=5^ 50»11« 
= -0« 57- 


jlongation 


=5»» 49«14- 



ALTITUDE OBSERVATION OF THE SUN FOB APPARBNT TIHB. 

C9. Altitude observation of the sun for apparent time: t»hoiir 
angle from apparent noon in angular measure; reverse the signs of 
i for south declinations: 

Tor,!/- hini{^-{-<t>-d)8mU^-4>+i) 
lan ^ i-Ycos J (r+<^+5) cosj (r-~0-«) 

70. An altitude observation of the sun for time is made by deter- 
mining the correct altitude of the sun's center and recording the 
watch time at the epoch of observation. The following order of 
procedure is recommended for the elimination of instrumental errow, 
reduction to the sim^s center, and practical elkoination of differen- 
tial refraction: 

A. M. OBSERVATION. 

Tlioroughly level the transit. 

Observe the sun's upper limb, recording the watch time of observa- 
tion and vertical angle. 
Reverse the transit. 
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Observe the sun's lower limb, recording the watch time of observa^ 
tion and vertical angle. 

The mean vertical angle is equivalent to the vertical angle to the 
sun's center corresponding to the mean epoch of the watch readings. 

p. M. OBSSBVATION. 

Thoroughly level the transit. 

Observe the sun's lower limb, recording the watch time of observa- 
tion and vertical angle. 

Reverse the transit. ^ 

Observe the sun's upper limb, recording the watch time of observBr 
tion and vertical angle. 

The mean vertical angle is equivalent to the vertical angle to the 
sun's center corresponding to the mean epoch of the watch readings i 

Example of altitude observation of the sun for apparent time: 

Final field notes, 

August 24, 1909, in latitude 37*^ 16^ b(/^ N., and longitude 102** 12' 
W., I make an altitude observation upon the sun for time, making 
two observations, one each with the telescope in direct and reversed 
positions, observing opposite limbs of the sun: 

Mean observed vertical angle =19° 39'' 30^' 
Mean watch time of observation = 4^ 56" 04» p. m. 
Waidi slow of local mean time = 0™ 56" 

Field record. 



Telescope. 



Direct 



Reversed. 



Sun's 
limbs. 



-f 



-ir 



Watch time. 



4h55«n22« 
4 56 46 



Vertical JBOgleV 



19* 33' 00" 
10 46 00 



Mean 4i»5e«a04« W 3^ 30"-i» 

Refraction -t — 2 40 

Parallax...: i *« + 08 



k - 19" 86' 58". 
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True vertical aogle»A««19'^7'' 
Zenith distance n=r»70''23^ 
Sun's declinatkm -»»Il'H)6a^. 
r« 70^23^ 

^=- 37 17 



4^=37 17 



(r+0)=lO7*'4O' 

a= ll^W (+) 



(f-^)=iS3*W 

«=11%5' {+) 



i values"- 
(r+*+«)«118**4y 59*»22'3(K' 22*»06'3(K^ (r-^-f«)— 44»ir 



(i-4.^)=107«»4(/ 
«= 11 05 (+) 



(r-^)«33^oe' 

«=1105 (+) 



(f4.^.|). 9603y 48*17^3(K' ll'bO'^K' (f ~^-a)*=.22»01'' 



logBinKr+0-«)=« 
sin J(f-^+«)« 



44 



9, 873054 
9.675291 

" cos Kf4-«+«)=9. 707073 9.448346 
•• cosKr-^-«)=^.9W934 



9.ee9007 9.e09007 



" tan'Jt 
" tan it 



0.749338 
9. 874669 



73*» «4>»52» 
41' « 2>N4- 
24^'= 2- 



ie=36*'50'42'' t«73*»41'24'' 

Apparent time of observation »4^54^6" p. m. 
BqiMtion of time +2 14 

Local mean time of observations4^57"00* p. m. 
Watch time of observation »4 56 04 p. m. 

Watch slow of local mean time = G'^BQ* 



«— 4'»54»46« 



MERIDIAN OBSERVATION OF THE SUN FOR AFPARBNT NOOH. 

71. Meridian observation of the aunfor apparent noon. — With the 
telescope in the meridian elevated to the sun's altitude, the watdi 
times of transit of the sun's west and east limbs are noted, the nMtn 
of which is the watch time of apparent noon; if the observation faib 
for either limb the reduction to the sun's center is accomplished by 
adding or subtracting 68 seconds; a refinement in the amount of this 
tune is had by referring to the Ephemeris for the time of the sun's 
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semi-diameter passing the meridian for the date of observation; the 
aettisig for the approximate altitude iA the sun's center is: 

OBSSKVINO PSOOILLM. 

Determine the meridian by the best means at hand and compute 
the altitude setting for the sun. 

Level the transit, place the instrument in the meridian, and ele- 
vate the telescope to the altitude of the sun's center. 

Note the watch time of the sun's west limb tangent to the vertical 
wire. 

Note the watch time of the sun's east limb tangent to the vertical 
wire. 

Tal:e the mean of the readings for the watch time of apparoit 
noon from which to oompnte the watch error local mean time. 

Example of meridian observation of the sun for apparent noon: 

Final field notes. 

August 14, 1909, in latitude 37<> 16^ N., and longitude 102'» 16^ W., 
with the telescope in the meridian and elevated to the sun's altitude, 
I observe the sun's transit for time, noting the watch time of transit 
of each limb: 

Mean watch time of apparent noons* 12^ 00™ 27* 

Watch alow of local mean time « 4"^ 06* 

Field record. 

Setting: 90* 00' 

^^ (-)37*»16^N. 
5 7* (+) 14* 2^ N. 

V ?4 67* 09^ 



4- Watch time of transit, W. limb =11»» 59» 22* 
-^ Watch time of transit, E. Umb =12 01 32 

Watch time of apparent noon =12* 00" 27* 
Apparent noon « 12^^ 00» 00« 
Equation of time« + 4 33 

Local mean time of apparent noooiaci2 04 33 

Watch slow oi local mem time «= 4" 06* 

The above form of meridian observation oi the sun for apj)aM»$ 
noon is by far the most convenient reliable method of time observadonu 
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TIXE FROM THE SOLAR ATTACHMENT. 

72. Several of the approved forms of solar apparatus, including 
principally the Smith solar attachment and the Burt solar compass, 
have a graduated arc or circle mounted normal to the polar axis to 
indicate the apparent time of observation. The reading of the time 
arc is most conveniently checked by comparison with the above 
form of meridian observation of the sun for apparent noon. An 
error in the reading of the time arc or hour circle may be corrected 
by adjusting the circle, or allowed for as an index error. The reading 
of the hour circle may then be safely accepted as giving correct 
apparent time for use in computing or taking out required declina- 
tions of the sun for the various forms of solar observations. A proptf 
reading of the hour circle may be safely accepted to indicate apparent 
time at which moment the watch reading may be noted, and the 
watch error local mean time determined as shown in the preceding 
example of conversion of apparent time into local mean time; this 
result derived for the watch error local mean time may then be safely 
used in observations on Polaris at ehngaJtion, but for observations 
upon Polaris by the hour angle method the time should be determined 
by one of the more refined methods already given. 

LATITUDE. 

78. It is absolutely necessary in the operation of any solar attach- 
ment to employ the correct latitude of the station, and in general in 
altitude observations upon the sun for azimuth or time the latitude 
must be well determined. In the public-land surveying practice 
all determinations of either time or latitude are an important part 
of the program of operations only so far as these functions finally 
enter into the establishment of the true meridian; all classes of 
observations given in the Manual have been arranged to facilitate 
the performance of solar instruments, and for this piurpose a definite 
knowledge of the true latitude is highly important. No lack of 
reasonable precision should be allowed in the accepted latitude. 
The various forms of observations for latitude are very simple and a 
considerable series should be taken in every group of surveys, all 
reduced to the township boundaries for comparison, until a satis- 
factory meish has been obtained. 

MERIDIAN ALTITUDE OBSERVATION OF THE SUN FOB LATITUDE. 

74. Meridian altitude observation of the 9un for latitude, — ^Reverse 
the sign of h for south declinations: 
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The following observing program is recommended: 

Th<Hroughly level the transit and place the telescope in the merid- 
ian elevated to the sun's approximate altitude at noon. 

Observe the altitude of the sun's lower limb with the sun slightly 
east of the meridian. 

Revene the transit. 

Observe the altitude of the sun's upper limb with the sun slightly 
west of the meridian. 

Take the mean observed vertical angle for the altitude of the 
sun's center at apparent noon. 

The following is an example of meridian altitude observation of 
the sun for latitude: 

Final field notes, 

October 5, 1909, in approximate latitude 37° 2(/ N., and longitude 
102^ 04^ W., I make a meridian altitude observation of the sun for 
latitude, observing the altitude of the sim's lower limb with the 
telescope in direct position, reversing the transit and observing the 
sun's upper limb : 

Apparent time of observation, noon=12'* 00™ 00» 
Mean observed altitude =47° 59' 45''' 

Reduced latitude =37° 19'.3 N. 

Field record. 

Setting: 90° 00' 

<^^ (-)37°20'N. 
a?-s (-) 4°42'S. 

V 9^ 47° 58' 

Lower limb 47° 42' 

Upper limb 48° 14' 

^ Observed alt., lower limb, tel. dir.=47° 43' 00" 

Ho Observed alt., upper limb, tel. rev. =48° 16' 30" 

Mean observed altitude, v =47° 59' 45" 

Refraction - 52 

Parallax + 06 



/i=47° 68' 59" 
5= 4 41 42 S. 
^=,37°19'.3N.=90°~5-A=37 19 19 



90° 00' 00" 



68 
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75. The above^iescribed observatiaii is •conveoicfRlly coxabined 
with the meridian observation of the sun for time, by obeerving 
simiiltaneously the sun's lower and west limbs» recording the watch 
time and the vertical angle and reversing the transit in the interval 
of about 2 minutes, and then obeerving simultaneously the sun's 
upper and east limbs. The settings for the approximate altitudee 
of the sun's lower and upper limbsy respectively, are: 

r^9O®-0±5^16' 

Example of meridian observation of the sun for time and latitude: 

Final field notes. 

June 8, 1910, in approximate latitude 38® 54^ K., and longitude 
77® 01^.6 W., I make a meridian observation of the sun for time and 
latitude, observing simultaneously the altitude of the sun's lower 
limb and the transit of the sun's west limb, reversing the telescope 
and observing simultaneously the altitude of the sun's upper limb 
and the transit of the sun's east limb: 

Mean observed altitude «73® 55^ 3(K^ 

Reduced latitude «38®53^7N. 

Mean watch time of observationasl2^ 06"^ 40" 
. Watch fast of local mean time = 7™ 58* 



Field record. 



Setting: 



90® (KK 



^jHf (-)38®54'N. 
8 « (+) 22® 49^ N. 

V f^ 73® 55' 
Lower limb 73® 39^ - 
Upper limb 74® 11' 




Position of telescope. 


Position of sun. 


Watch time 
transit. 


Observed vei^ 
Ucal angle. 


Direct 


■^ 4, 


12h Ofia 3> 
12 07 43 


7S* 4y air 


Rereraed 


74 06 80 






Mflft" 


12>> 06« 40> 


73* 5y 80" 


ReCrae^on 




- -16 
+02 

- 73« Sy 16" 
-113 49 00 


Parallax . . . . - r - r - - - r - . . r . r . 


h 


a— 22*49'00";90*+» v 




0-88» 58'.7 N.- W+»-k . 




•..•••. •....••«■ 


-. 38* 53' 44" 
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Wlktch time of apiMurent nocm »12^ 06^ 40" 

Apparent noon =12^ 00™ 00* 

Eqxiationof time..» ~ 1 18 

Local mean time of apparent noon. =11 58 42 

Watch fast of local mean time « 7"^ 58* 

I . Ill I 1 

The known latitude of the above station is 38^ &^^ 4X/% but it can 
not be assumed that any one altitude observation of the «un.\dH 
always give a result so close to the true latitude . In general a better 
determination of the latitude by this method is possible only by 
maVing a series of observations on successive days, or by combining 
the result with Polaris observations for latitude. 

For the purpose of a test as to the accuracy of the above time 
observation, the same watch was compared with a Western Union 
telegraph clock as follows: 

75th meridian time of comparison. =12^ 00™ Op* 
Correction for longitude 77** 1.6'.. . = -08 06. 



Iiocal n^ean time of comparison — s«ll^ 51* 64* 
Watch time of confporison ^11 59 56 

Watch fast of local mean time *• 8"* 02* 



ALTITUDE OB8EBVATION OV POLABIS FOB LATITUDB. 

76« AUitudeohfervation ofPokaris at upper culmination for latitude: 

Attitude observation of Polaris at lower culmination for latUude: 
The mean time hour angle of Polaris at lower culmination is 11 
boon 58 minutes 2 seconds: 

^=A4-90°-5 

Tike settings for the approximate altitude of Polaris at upper and 
lower culminations, respectively, are: 

v?^0±(9O°-5) 

The following program is recommended in altitude observmldDns 
of Polaris at culmination for latitude. 

Compute the local mean time and watch time of cubninatim. > 

Thoixmg^y level the transit. 

About four minutes before culmination observe the altitude of 
Polaris with the telescope in direct position. 
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Reverse the transit and observe the altitude of Polaris. 

Again level the transit. 

Observe the altitude of Polaris with the telescope in the reversed 
position. 

Reverse the transit to the direct position of the telescope and again 
observe the altitude of Polaris. 

Take the mean observed altitude to use in the reduction. 

Example of altitude observation of Polaris at lower culmination 

for latitude: 

Final field notes. 

June 19, 1910, in approximate latitude 38^ 54' N., and longitude 
77® 01^.6 W., I make an altitude observation on Polaris at lower 
culmination for latitude, making four observations, two each with 
the telescope in direct and reversed positions: 
Watch fast of 75th meridian 

standard time by comparison = 0"* 24* 

Mean watch time of observation = 7^ 44™ 37" p. ra. 

Mean observed vertical angle = 37** 44' 0(K' 

Reduced latitude « 38® 53'.4 N . 

Field racord, ' 

Setting: 90® OO' 

5?^88® 49^ 



^?iJ38® 64' 



V5^37® 43'x»<^-.(90®-«) 



Gr. U. .C, of Polaris, June 19, 1910 ^ 7^ 39.7« a. m. 

Reduction to longitude 77® 1.6' W. « -0.8 

Reduction to lower culmination »+ll 68.0 

7»*36.9« p.m. 



L. M. T. of L. C. of Polaris, June 19 * = 7*» 36» 54" p. m. 

Watch fast of 75th meridian standard time by 
cdmpariBon with a Western Union telegraph 
clock -+ 24 

Correction for longitude 77® or.6 W. «4- 8 06 

Oon^pttted watch time of lower culmination = 7^ 45™ 24* p. m. 
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Telescope. 



Diract.... 
Reversed. 
Reversed. 
Direct.... 



Mean. 
Retraction.. 



Watch 
time. 



7h 40" 14" 
7 42 46 
7 46 39 
7 48 50 



7>» 44« 37» 



Vertical 
angle. 



37* 42' 30" 
37 44 30 
37 45 30 
37 43 30 



37* 44' 00" 
-1 15 



A-37' 42' 45" 
8-88»49'20"; QO'-a - 1 10 40 



f-38*53'.4N.=-A+(90''-«) -38» 53' 25 



n 



AZIMUTH. 



THE SOLAR ATTACHMENT. 

77* The solar attachment to the engineer's transit has been 
designed f or instrumentally setting off the sides of the '^pole-zenith* 
son" triangle in agreement with their angular values at the station 
and time of observation. The sun's image may be brought into the 
line of coUimation of an auxiliary telescope by orientation of the 
transit to the position where the instnnnental parts are made parallel 
to the respective sides of the celestial triangle, whereupon the verti- 
cal plane of the ''pole-zenith'' arc of the solar attachment will 
coincide with the true meridian. Skillfully handled, the solar at^ 
tachment will give at once close approximations to the true meridian 
comparing favorably for accuracy with direct observations. The 
advantage in the proper use of the solar attachment is found in its 
rapid and close determinations of the meridian in heavy timber, 
dense undergrowth, and strong wind, in low swamp or on high 
mountain ascents, and under nearly all other difficult physical 
situations encountered in the field, avoiding in its proper use accumu- 
lative errors incident to the prolongation and deflection of transit 
lines, and deviations in the azimutii of latitudinal lines. Several 
ingenious instruments have been devised for this purpose, but the 
Smidi solar attachment, invented by Benjamin H. Smith, of Colo- 
rado, in 1880, has given the most general satisfaction of any solar 
instrument in meeting the special requirements of the surveying 
service of the Creneral Land Office wherein it has been developed 
to a state of efficiency which has fully warranted the adoption of 
this model as a standard instnunent for use in the public-land 
surveys. 
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Owing to the difftfent detailB in the design of the Smith solar 
attachment as canstructed by various instrament makers it is 
impoBBible to diBcuss fuUy the test and adjustment of each without 
giving a complete description of the several models, and this would 
lead away from the purpose of the Manual. The standard models 
embracing the most recent improvements, is therefore selected for 
description, and discussion of the theory, adjustment and use of the 
Smith solar attachment. The supervising officers will fomisih the 
surveyoTB with suitable instructions relative to the test and adjust- 
ment of any other special instruments supplied to them, published 
in circular form as deemed expedient. 



78. The working parts of the. Smith solar attachment consist of 
five fundamental features, each performing its own distinctive 
function. The principles involved have been adapted to various 
types of construction, and the efficiency of tJM different designs is 
felated directly to the perfection which may be attained in making 
a proper adjustment in the field, the stability of the adjustments 
when made, and the compactness of the design, considering protec- 
tion to the working parts and proper distribution of weight. T%e 
five fundamental w<X'king parts consist of: 

1. An auxiliary telescope whose line of cc^limation is the pcAmt 
axis of the solar attadmient; the telescope may be xevolved in col- 
lar bearings which are securely mounted on a vertical limb. 

2. The vertical limb is mounted on a horizantal aads and has a > 
graduated latitude arc in its vertical plane. i 

S. A plane mirror at the objective end of the auxiliary telescope 
with an axis normal to the line of colHmation, and an arm leading 
to a graduated declination arc. 

4. An hour circle on the auxiliary telescope nfounted noormal to 
the line of coUimation. 

5. A set of equatorial wires parallel to the axis of the reflector. 
In all the forms of constructiotti of the Smith solar attachment the 

auxiliary telescope is mounted in a vertical plane parallel to the 
transit telescope. Thus, if the instrument is in. proper adjustment 
and oriented to the true meridian, the p<^ar axis ef the solar attach- 
ment may be made parallel to the earth's polar axis by setting off 
the true latitude of the station . The sun^s rays are brought into the 
auxiliary telescox)e by means of the mirror, due allowance being 



INSTBDMENTS AND METHODS, 




Fia. S.'Tbe solar tramil a; it appeBfS 



74 MANUAL OF SURVEYING INSTBUCTIONS. 

made for the sun's declination north or south of the equator, but to 
bring the sun's image into the auxiliary telescope the latter must be 
revolved in its collar bearings until the reading of- the hour circle 
agrees with the sun's apparent time. When the auxiliary teleecope 
is thus revolved the sun's image will traverse the field of the eye- 
piece parallel to the equatorial wires with the limbs of the disk tan- 
gent to the same. If the transit is turned in azimuth the sun 's image 
will immediately depart from the equatorial wires, except at noon 
when the image will follow the equatoriarwires whether the transit 
be turned slightly in azimuth or the auxiliary telescope be revolved 
in hour angle. At apparent noon the declination arc is in a ver- 
tical plane and at this time an absolute determination may be made 
of the correctness of the reading of this arc. 

In the modern construction the solar attachment is moimted 
upon the east standard of a regular light mountain model full engi- 
neer's transit, the horizontal circle of which has a diameter of 4} 
inches, with a vertical circle of 4 inches diameter. TThe horizontal 
distance between the vertical planes of the transit and auxiliary tele- 
scopes is a trifie less than 4 inches. The auxiliary telescope has a 
focal length of 4i inches and a magnifying power of about 10 diam- 
eters. The latitude arc has a radius of 3 inches, and the declination 
arc has a radius of 3) inches. Upon the latter arc the graduations 
read the true declination and, as the mirror needs to be turned only 
5° to correspond to a change of 10° in the sun's declination, the gradu- 
ations are made in one-half space, i. e., an interval of 10° on the arc 
as graduated occupies a segment of only 5°. At zero declination 
the plane of the mirror is at 45° to the line of sight of the auxiliary 
telescope. Both telescopes are fitted with the necessary colored 
glass shades for observing the sun. The base plate of the solar is 
mounted upon three foot posts, adjustable by means of opposing 
capstan nuts. This three-point base forms a right-angled triangle, 
with one side horizontal and one side vertical, thereby permitting 
adjustment in either of two directions: (a) One about a horizontal 
axis, and (6) one about a vertical axis. Suitable capstan nuts are 
also placed at one end of the auxiliary telescope to provide for its 
proper adjustment with respect to the axis of the latitude arc. 

Good solar work must depend first of all upon the proper adjust- 
ment of the transit upon which it is mounted, with great care in keep- 
ing every working part cleaned, suitably oiled to work smoothly, and 
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protected from adverse weather and injury. The same precautions . 
are due the solar attachment. It will give very efficient meridional 
performance if properly adjusted and operated; nothing less can be 
conceded. 

Before starting in with the adjustments it shoidd be determined 
that the auxiliary telescope revolves smoothly in its collar bearings, 
neither too tight nor too loose; that there is free and smooth motion 
to the latitude and declination arcs; that the clamps are positive and 
the tangent motions smooth and free in either direction; that the 
eye-piece is carefully focused upon the cross wires; and that the 
objective is carefully focused upon any quite distant object, then 
secured in this position. The eye-piece turns freely and has a pin- 
which travels in a guide slot ; this pin is not a clamp. The objective 
may be moved by first loosening, then pushing the screw, which will 
be found to travel in a guide slot near the lower (or left hand) collar 
bearing. 

ADJUSTMENT. 

79. The field adjustments of the solar attachment should be con- 
sidered in the following order: 

1. The equatorial wires must be made parallel to the axis of the 
reflector. 

2. The line of sight of the auxiliary telescope must lie in its true 
turning axis. 

3. The polar axis, or line of sight of the auxiliary telescope, must 
be normal to the axis of the latitude arc, describe a true vertical 
l^ane when turning on said axis, and said vertical plane must be 
parallel to the vertical plane of the transit telescope. 

4. The latitude arc should read zero when the auxiliary telescope 
is horizontal. 

5. The declination arc should at all times read the true declina- 
tion of the sun plus the refraction in polar distance. 

6. The hour circle should read the sun's apparent time. 

There are two or more methods of testing each and every adjust- 
ment, but those stated below are without doubt the simplest, and 
most rapid and reliable of all field methods. The true meridian 
should be established by Polaris or other independent observation, 
upon which to test the solar, but otherwise it plays only a small part 
in the adjustments of the solar attachment. The true latitude of the 
station must be definitely known. There should be a clear view to a 
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distant object in the horizon, but if an object less than a mile away 
must be utilized due allowance may be made for the horizontal dis- 
tance between the vertical planes of the transit and auxiliary tele- 
scopes. 

1. T?ie eqtiaiorial wires. — Set up the instrument as in a r^^ulax 
aolar observation, setting off the known latitude., declinatioii and 
apparent time, and bring the sun's image accurately between the 
equatorial wires by orienting the transit approximately to the meri- 
dian, in which position the instrument should be clamped. (See 
fig. 9.) Turn the auxiliary telescope in hour angle, causing the son's 
image to travel across the field from side to side. If the image ixXkm^ 
the equatorial wires accurately the latter are parallel to the axb of 
the reflector as required. If the sun's image departs materially &om 
the equatorial wires, the capstan screws which hold the diaphragm 
should be loosened and the reticle may be rotated until the equa- 
torial wires are made to agree with the path of the sun's image acroes 
the field, then return each capstan screw to a proper seat. 

2. Collimation of the auxiliary telescope. — Swing the mirror to give 
a direct view through the auxiliary telescope. (See ^. 10.) Set 
the line of sight on a distant point and clamp the instrument. 
Revolve the auxiliary telescope 12 hours in hour angle. If the line 
of sight remains fixed on the distant point it agrees with the turning 
axis as required. If after revolution, the line of sight appears to be 
above or below, or to the right or left, of the distant point, one-half 
of the differences should be taken up with the capstan screws which 
control the diaphragm. The test should be repeated until the auxili* 
ary telescope is in perfect collimation. 

3. The polar axis. — Carefully level the transit and then sight the 
main telescope to the distant point and clamp the instrument; sight 
toward the same point with the auxiliary telescope, and place the 
striding level on the latitude axis. (See fig. 10.) The striding level 
should be reversed to see if there is any error in the level iteelf , and 
if so take the mean position for the true indication of the level. If 
the latitude axis is not horizontal it may be made so by adjusting the 
lower pair of capstan nuts on the base frame of the solar attachment. 
If the line of sight of the auxiliary telescope is not parallel to that 
01 the main telescox)e it may be made parallel by means of the left- 
hand upper pair of capstan nuts on the base frame of the solar. After 
fulfilling the foregoing conditions turn the transit 180^ in azimuth and 
reverse both telescopes so as to sight again to the same distant object* 
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Betting the main telescope upon the object. (See fig. 11.) If the 
auxiliary telescope does not again sight upon the distant object, one- 
half the error is due to its line of sight not being at right angles to the 
axis of the latitude arc. Take up half of the amount of the error 
by means of the pair of capstan nuts at one end of the auxiliary 
telescope, and take up half of the error by again correcting the 
left-hand upper pair of capstan nuts on the base frame of l^e solar. 
The line of sight of the auxiliary telescope should now be normal 
to the axis of the latitude arc, should describe a vertical plane when 
turning on said axis, and said vertical plane should be parallel to the 
vertical plane of the transit telescope. The tests should be carefully 
repeated until the adjustments are perfected. 

4. The latitude vernier. — Carefully level the transit, clamp the 
latitude arc at zero, and place the striding level in x>OBition on 
the auxiliary telescope . (See fig . 12 . ) The striding level should be 
reversed tb see if there is any error in the level itself, and if so take 
the mean position for the true indication of the level. If the aux- 
iliary telescope is not horizontal it may be made so by means of the 
tangent motion of the latitude arc. When the auxiliary telescope 
has been made truly horizontal the reading will indicate the index 
error of the vernier of the latitude arc. The vernier is held in posi- 
tion by two screws passing through elongated holes, and by loosening 
the screws the vernier may be shifted to read zero, or the difference 
from zero may be carried as an index error. 

5. The declination vernier. — ^A few minutes before apparent noon 
set the instrument in the established meridian. Set off the known 
true latitude, allowing for any index error in the vernier of the lati- 
tude arc* Carefully level the transit and clamp the instrument 
with the main telescope in the meridian. Bring the sun's image 
into the field of the auxiliary telescope by turning this telescope in 
hour angle. At apparent noon bring the sun's image accurately 
between the equatorial wires by means of the tangent motion of the 
declination arc. The difference between the reading of the declina- 
tion arc and the calculated declination (corrected for refraction) 
will indicate the index error of the vernier of the declination arc. 
This vernier is also held in position by two screws passing through 
elongated holes, and by loosening the screws the vernier may be 
shifted to read the calculated declination for apparent noon of that 
date, or the difference may be carried as an index error. This test 
should be made every day the instrument is used. If by some 
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Fio. 11.— The auxiliarr Mlescope la levened position. 
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failure in the adjustments of the solar attachment a difference of as 
much as W^ from previous tests should be discoveied in the noon 
observation, the new error will generally be found in one of three 
places: (a) The auxiliary telescope may be out of collimation; (6) the 
vernier of the latitude arc may have become loose and shifted; or (c) 
the vernier of the declination arc may have become loose and shifted. 
Any slight error in the other adjustments, or in the determination of 
the established meridian, will not appear in the noon test of the 
declination arc. 

6. The hovr circle. — ^A few minutes before apparent noon set the 
instrument in the established meridian . Level the transit and clamp 
the instrument with the main telescope in the meridian and elevated 
to the sun's altitude. Set your watch to read 12 o'clock as the 
sun's center crosses the vertical wire of the main telescope. At any 
convenient time thereaiter set off the proper readings on the latitude 
and declination arcs, and with the instrument in the meridian, bring 
the sun's image to the center of the field of the auxiliary telescope 
and observe the watch time. If the reading of the hour circle agrees 
with the watch it is in adjustment; if not, it may be made to read 
apparent time by loosening the set screw which holds the hour circle 
in position and shifting the circle until the reading agrees with the 
watch, care being taken not to move the auxiliary telescope in hour 
angle until after the set screw is again seated. The test may then 
be repeated as often as desirable. 

USE. 

80. Before using the solar attachment the latitude of the station 
and the sun's declination (properly corrected for refraction in polar 
distance) must be l:nown and accurately set off on the respective 
arcs. The instrument is carefully leveled and the apparent time 
set off on the hour circle. The transit is then oriented to the meri- 
dian. The plates are generally first set at zero and the sun's image 
brought into the field of the solar telescope before setting the lower 
damp; thereupon the sun's image is brought accurately between 
the equatorial wires with the lower tangent motion; this gives the 
solar meridian. The transit may then be used for any normal func- 
tion. The solar meridian may be tested as many times as may be 
desirable by simply setting the plates back to zero and turning the 
auxiliary telescope in hour angle to the apparent time; this brings 
the sun's image again to the renter of the field. The sun's declina- 
tion is constantly changing at a very slow rate, so that it is necessary 
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Fio. 12.— TheatridlDg level on the auilUary telescope. 
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to correct the reading on the declination arc with its tangent motion 
to agree with the declination of the sun for the apparent time of 
observation. 

The great advantage of the Smith solar over all other forms of 
solar attachment is found in the fact that the latitude and declina- 
tion arcs remain clamped while the transit is being used in any nor- 
mal function. Upon setting up at a second station it is necessary 
merely to correct the latitude and declination arcs with their tangent 
motions to agree with any change from the previous station. For 
this reason it may be operated more rapidly than any other form 
of solar attachment. In fact, the solar meridian is so quickly deter- 
mined that the observation is usually repeated at every station. 

The same restrictions which must be recognized in maMng direct 
observations on the sun operate in the sanie way as a prohibition in 
the use of any solar instrument. There are only two such limita- 
tions: (1) When the sun is within two hours, or possibly an hour and 
one-half of the meridian; and (2) when the sun is low in the horizon. 
In the first instance, the sun's relative rate of change in azimuth is 
much greater than the rate of change in altitude, and a small error 
in adjustment or in setting the arcs is greatly multiplied. In the 
second case the refractions are great, more or less uncertain, and 
changing rapidly. 

The latitude of the station should always be determined with 
great care. Altogether too many maps are unreliable in this respect. 
If the latitude has been determined by competent observers, well 
and good, it may be free from error, but the direct altitude observa- 
tion upon the sun for latitude is so simple and the reduction so easy 
that every operator of a solar transit should make it a practice to 
accomplish direct observations on the sun for latitude on as many 
successive days as may be necessary to give a reliable determination 
of the true latitude of any unknown station. 

TEST. 

81. When the solar attachment has been put in good adjustment 
it is proper to test it frequently on a true meridian established by 
Polaris observation or other approved method. The test consists 
merely in determining a meridian with the solar and comparing 
this indication with the true meridian established by other reliable 
method. The test should be repeated in a. m. and p. m. hours at 
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frequent intervals, and the noon observation should most certainly 
be taken every day that the solar is used. 

The selection of the method of observation to establish the true 
meridian will be made by the surveyor, the facts relative to which 
are to appear in the final field notes, and the solar attachment may 
be considered in satisfactory adjustment when all meridional tests 
during the usual hours of solar work are found to come within V Z(/^ 
of the true meridian, whereupon the certificate of the surveyor's 
examination of the adjustments of his instrument will take the 
following form: 



Field record. 



Buff Solar Transit No. 8Q28. 
Sun's declination at Qreenwich noon 
=5h58«a. m., localapp.t. -18" 32' 04" 8. 
Difl. IQi*, —382" - 6 22 S. 
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' Adjust auxOiary telescope forcollimation. 



Final field notes. 



Nov. 16, 1911, at my station in Sec. 
35, T. 11 N., R. 6 E., Sth Prin. Mer., 
Arkansas, in latitude 35^ 32.9^ N., as 
determined by the mean of altitude 
observations on the sun on Sept. 26 
and 29, 1911, heretofore describea, and 
longitude 90** 25' W., I examine the ad- 
justments of the instrument and cor- 
rect all errors. I then test the solar 
apparatus by comparing its indications 
hourly with the true meridian estab- 
lished by Polaris observation Sept. 26, 
1911, heretofore described. 

At9>»2(Ha. m.,app.t.,I setoff 36*33' N., 
on the lat.arc; 18**32'.5 S., on the decl. 
arc; and determine a meridian with the 
solar whidi I find to agree with the 
true meridian. 

At app. noon, with the lat. arc un- 
changed, I observe the sun on the 
meridian; the resulting reading of the 
decl. arc is 18** 34'. 5 S., which agrees 
with the computed decunation of the 
sun. 

At 3»»0«n p. m., app.t., with the lat. arc 
unchanged, I set off 18" 36' S. , on the 
decl. arc; and determine a meridian 
with the solar which I find to agree 
with the true meridian. 

As all of the solar observations during 
the usual hours of solar work come 
within r 30" of the true meridian, I 
conclude that the adjustments of the 
instrument are satisfactory. 



THE 80LAB COMPASS. 



82. The Burt solar compass, invented by William A. Burt, of 
Michigan, in 1836, was the first solar instrument, and since its intro- 
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ductioii the instrument has been extensively used in public>land 
surveying; the solar compass has given general satisfaction and is 
still used to some extent in the public-land surveys, but in recent 
years it has been largely sux>erseded by the more complete instru- 
ment already described. The Burt solar apparatus is designed for 
mounting upon an opennsoght compass, commonly used in the 
early public-land surveys. A x)olar axis is fitted in line with the 
terrestrial sights when ^e plate verniers are set at zero. The in- 
clination of the polar axis is controlled by a latitude arc mounted in 
the same vertical plane. Normal to the polar axis there is a revolv- 
ing arm upon which is mounted a declination arc and two solar lines 
of coUimation, one for north declination of the sun, and one for south 
declination. Each line of coUimation consists of a lens and silver 
plate or disk mounted upon opposite ends of the revolving arm; 
parallel equatorial lines are drawn upon each disk symmetrical with 
the axis of the opx)osite lens. Two adjustments are peculiar to the 
Burt solar compass, which are here ©ven for the surveyor's reference 
in the field; these adjustments should be made when the sun is within 
an hour of the meridian. 

(1) To make the solar lines of coUimation parallel. — ^The declination 
arm will be detached and replaced by an auxiliary frame upon which 
the arm will be laid. Set the latitude and declination arcs approx- 
imately correct for the hour, date and station, and bring the sun's 
image upon either disk as in an orientation to the meridian. Now 
turn the arm over, without reversing from end to end, and see if the 
sun's image again comes between the equatorial lines; if not, adjust 
the disk for half the difference and repeat the test until satisfactory. 
When this has been accomplished, reverse the arm from end to end 
for the purpose of adjusting the s^ond disk with respect to the 
opposite lens. B>emove the auxiliary frame and attach the declina- 
tion arm in place. 

(2) To set the vernier of the declination arc. — Set the declination 
vernier to read approximately zero, and bring the sun's image upon 
either disk as in an orientation to the meridian, changing the eleva- 
tion of the polar axis as may be necessary to bring the solar line of 
coUimation upon the sun. With the sun's image acciu^tely between 
the equatorial lines, clamp all other motions and reverse the declina- 
tion arm on the polar axis, thus bringing into use the second line 
of coUimation. Note if the image of the sun is now squarely between 
the second pair of equatorial lines; if not, correct half the difTer- 
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ence by movement of the tangent screw of the declination arc. 
Again orient in azimuth to bring the sun's image accurately between 
the equatorial lines, clamp and reverse as before, repeating the test 
until satisfactory. When the lines of coUimation have thus been 
made truly at right angles to the polar axis, the vernier may be shifted 
to read zero in this ix)sition. 

The general test of the Burt solar compass, by comparing its indica- 
tions, resulting from solar observations made during a. m. and p. m. 
hours, with the true meridian determined by independent method, 
is similar to the test of the Smith solar attachment except in respect 
to the test of the latitude arc. No provision is made for index)endent 
adjustment of the latitude arc, and in the operation of the Burt 
solar compass the latitude is used as given by the instrument resulting 
from a meridian observation on the sun. In this respect therefore 
the noon observation with the Burt solar compass differs from the 
noon observation with the Smith solar attachment. 

Example of noon observation with the Biut solar compass, in lati- 
tude 38° 53^ 40^^ N., and longtitude 77° 01. 6^ W.: 

"May 6, 1910: At this station I set off 16° W N., on the decl. arc; 
and, at apparent noon, observe the sun on the meridian; the result- 
ing latitude is 38° 54^ N.'' 

EBRORB IN AZIMUTH, DUE TO SMALL ERBORS IN DECLINATION OR 

LATrrUDE. 

83. It may frequently happen with a solar transit, especially at 
the beginning of a new survey or with an instrument insufficiently 
tested, that the first meridional trials are made with slight errors 
in the settings of the latitude and declination arcs, resulting in small 
errors in azimuth. This may be particularly true with a solar 
compass prior to a determination of the instrumental latitude. The 
correction of such errors has been provided for in Table 22, Standard 
Field Tables, which may be applied to results of sLogle observations 
with considerable certainty, but not so well to a series of observations 
as in ordinary line work owing to the changing values (for hours from 
noon) of the correction coefficients. The explanation with the table 
gives a key to the direction of the azimuth errors on account of small 
eiTors in setting the latitude and declination arcs. 

For example, at 9^40™ a. m. , app. t. , at a station in latitude assumed 
to be 46° 20^ N., a test was made with a solar transit whereby the trial 
iadication was found to fall 0° Oy west of the true meridian. Sub- 
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sequent determinatioDs of the true latitude of the station and of the 
correctness of the vernier of the declination arc showed that the 
actual latitude of the station was 46° 2V.6 N., and that the vernier 
of the declination arc had an index error which gave readings 
0° (K/.b S. of the calculated declination (i. e. reading 15° 19^.5 N. 
for a calculated declination of 15° 2(/ N.). Thus in the test the 
latitude arc was set V.5 S. of the correct latitude of the station, and 
the declination arc was actually set (K.5 N. of the value that would 
have been set had the index error been known. 
Table 22 is entered to obtain the correction coefficients: 



Latitude. 


Hours from noon. 




2^0«'. 


2h20«. 


3»»0«. 


45*00' 
46 21.5 
50 00 


2.85 


2.55 
2.62 
2.81 


2.00 


Declination coeifi- 
cient. 


3.11 


2.20 


45 00 

46 21.5 
50 00 


2.45 


2.10 
2.16 
2.31 


1.41 


Latitude coefficient. 


2.c5 


1.56 



The corrections are then applied as follows: 
Indication of solar in test =S. 0° 05^.0 W. 
Correction for declination = 01 .3E.=(2.62X0.5) 
Correction for latitude = 03 .2E.=(2.16X1.5) 

Corrected indication of solar=S. 0° 00^.5 W. 

The above corrections will often serve to explain the apparent 
errors of the solar, but these are not intended for use in line work, 
and can not be accepted in lieu of satisfactory subsequent tests 
based on correct values. 

In the above connection it should be explained that it is not 
deemed desirable to burden the official record with evidence of 
correction for index errors found in the verniers of the latitude and 
declination arcs, other than to state, when such are determined, that 
the same are forthwith removed or are allowed for in subsequent 
observations. 

POLARIS AT ELONGATION. 

84. The surveyor having thoroughly considered the theory and 
use of thesolar instrument in its relation to the public-land surveys, 
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and presumably mastered its operation, his attention is now directed 
to the approved methods of observation to establish the true meridian 
with which to make comparisons of the indications of the solar 
apparatus as a necessary test of such an instnmient, or without a 
solar instrument, the establishment of the true meridian from which 
to project transit lines and to test the calculated course thereof. 

Of the various independent methods of observation to establish 
the true meridian, the simplest and most reliable is foudd in the 
observation upon Polaris at eastern or western elongation. 

aA.zimuth of Polaris at elongation: 

cos 5 



Sin^: 



cos <t> 



Zenith 



Ot$vving 
station 




The meridian and vertical planes tangent ta the diurnal circle of Polaris as viewed 

from outside of the celestial sphere. 
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Example of computing the azimuth of Polaris at elongatiozi, Octo- 
ber 20, 1910, in latitude 46** 20^ N., on which date the declination of 
Polaris=88° 49^48^^ N.: 

log cos 6=8.310033 
" cos «^=9.839140 



'* sin ^=8.470893 



-4= Azimuth of Polaris at elongation=l° 4V ^V\ 

S5. A table of azimuths of Polaris at elongation for latitudes from 
25° to 70° N., appears in the Ephemeris, arguments: decliiiation of 
Polaris, and latitude of station. 

Example in the use of the table of azimuths of Polaris at elongatioii, 
same date and station as above, showing the method of interpolation: 



Latitude. 


Declination. 


88" 4^ 40" 


88* 49' 48" 


88* 4^ 50". 


Azimuths at elongation. 


46*00' 

46 20 

47 00 


1" 41' 15" 
1 43 06 


1* 41' 04" 
1 41 42 
1 42 67 


!• 41' 01" 
1 42 54 



By interpolation in the table the required azimuth of Polaris 
at elongation is therefore found to be 1° 41^ 42''^. 

86. An observation upon Polaris at elongation for azimuth con- 
sists in marking upon the ground a point to define the true line of 
sight to Polaris at the epoch of elongation, from which to lay off the 
true meridian. An equivalent process is to detennine the true 
horizontal angle by deflection from a fixed reference point to Polaris 
at the epoch of elongation, by which to determine the true bearing 
of the reference point. 



tin f» 



FOLABIS AT ELONGATION, OBSBBVINa PROGRAM "a. 

87. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris at elongation; the 
flag point should be from 5 to 10 chains N. of the transit point, and 
should be cleared of all obstruction before dark. Determine the 
local mean and watch time of elongation of Polaris, provide suitable 
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illumiiiation for both the tiansit and flag point, and have every- 
thing in readiness as much as 15 minutes before the time of elonga- 
tion. 

ThoiDu^ly level the transit. 

About six minutes before elongation, with the telescope in direct 
position, bisect Polaris, note the watch time, and mark the direction 
of sight. 

Beverse the transit, bisect Polaris, note the watch time, and mark 
the direction of 8%ht. 

Again level the transit. 

With the telescope in the reverse position bisect Polaris, note the 
watch time, and mark the direction of si^ht. 

Revarse the transit to the direct position of the telescope, bisect 
Polaris, note the watch time, and mark the direction of sig^t. 

By daylight determine the mean (a) of the first and fourth sights, 
and (h) ihe mean of the second and third sights; then take the mean 
of points ''a" and ''5" to define the true direction of Polaris 
at elongation. 

The mean of the four watch readings may be taken as the watch 
time of observation, which if within four or five minutes of correct 
watch time of elongation, the mean position of Polaris during the 
observation will be within V^ or 2^^ of true elongation. The proper 
value of the azimuth of Polaris at elongation having been taken from 
the table is then used to lay off the true meridian to the east for west- 
em elongation or to the west for eastern elongation. 

The above program practically eliminates instrumental errors 
in observation. In laying off the azimuth of Polaris, the angle may 
belaid off directly, if desired, checked by the method of repetitions, 
and corrected if neceaaaty; or the azimuth angle may be laid off by 
the natural tangent metbod; this ahonld then be checked by reading 
the angle on tibia plates. 

Example of observation of Polaris at elongation, observing pro* 
gBun"a;" 

55466 •—-10 T 



•< \ 
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Field record. 


Final field notes. 


Sept. 10, Wll, Or. E. E. 

of Polaris, lat. 40* 
Eed.tolong.lll»46'W. 
Red.tolat.48*22'S0"N. 

L. M. T. of E. E. of Polaris. . . . 
Watchslowofl. m. t. 

Watch time of E. E. 


— 8i>17.0»p. m. 

- -1.2 

- +0.6 

.—8k 16. 3" p.m. 

- -1.7 


Sept. 10, 1011, in camp at the 
standard cor. of Tpe. l N., 
Rs. 30 and 40 £.. B(dse lier. 
In latitade 43* KT 90" K., anj 
lonffltade Ul* 45" W., at 
8»i 16.3« p. m., 1. m. t., I 
observe Polaris at eastern 
elongation, making four ob- 
servations, two ea<di -with 
the telesoQpe in direct and 
reversed positions, and mark 
the mean point in tlie line 
thus determined, on a p^ 
driven firmly in the groond, 
5ctaR.N. 


— 8^14. 6» p.m. 


Telescope. 


Watch Tin^e. 


]j~U0Cv««« ••••••••••••••••••••••• 


8h08»26*p. m. 
8 11 20 
8 14 84 
8 16 46 


Reversed 




Reyereed 


elongation— 1* 36' 27". 


Direct 






Polaris, 1* 36' 30", to the west, 


Mean. 




8»>12»46»p, m. 




determined, by a taok in a pM 
driven firmly in the graniul, 
5 chs. N. 


Declination of Polaris- 88* iV 54'' N. 


. 


Declination. 




Latitude. 


88»49'60" 


88» 4^ 64" 


88» 49^60" 


' 




Azimuth. 




48* 00' 00" 

43 22 30 

44 00 00 


1» 35' 67" 
1 37 33 


1»35'.51" 
1 36 27 
1 37 27 


!• 35' 43" 
1 37 19 


» 



The above program of observation of Polaru at elongation is the 
most convenient method where there is an opportunity to mark the 
direction of the line of sight. Occasionally conditions obtain where 
it is impossible to define or mark the direction of the observation; 
the program may then be altered to the reading of deflection angl 
as shown in the next method. 



POLABIS AT KLONOATION, OBSKRVmO ntOOBAlf "6." 

88. Select the observing station and maik a point by driving 
a tack in a peg driven firmly in the ground approximately in the 
true meridian as determined by the solar before sunset, or choose 
other suitable reference mark in any direction. The reference 
point should not be nearer to the transit than 5 chains distant. Deter- 
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mine the local mean and watch time of elongation of Polaris, pro- 
vide suitable illumination for both the transit and flag point, and 
have everything in readiness as much as 10 minutes before the time 
of elongation. 

Thoroughly level the transit. 

About 6 minutes before elongation with the transit in direct 
position, read and note the deflection angle from the reference point 
to Polaris, noting also the watch time of observation. 

Reverse the transit and rectd and note the deflection angle from 
the reference point to Polaris, noting also the watch time of observa- 
tion. 

Again level the transit. 

With the transit in the reverse position again read and note the 
deflection angle from the reference point to Polaris and note the 
watch time of observation. 

Reverse the transit to the direct position and again read and note 
the deflection angle from the reference point to Polaris, and note 
the watch time of observation. 

As the position of Polaris remains within about 0° W OV^ of true 
elongation for a period of about five or six minutes either side of the 
time of exact elongation, the observation may be considered satis- 
factory if all of the watch readings fall within the stated period. 

The mean of the four horizontal deflection angles may be taken 
to which must be applied the value of the azimuth of P(daxis at 
elongation taken from the table, to obtain the true bearing of the 
reference flag, from which the true meridian may be laid off, or the 
flag may be used as a reference point. 

A reference point in any direction may be used in the above 
method; the direction of the deflection from the reference point to 
Polaris should always be clearly stated. The insignificant figures 
of the final result may be discarded if the value of the bearing angle 
does not enter into another determination that demands great pre- 
cision. In the example below the true meridian may bo laid off by 
accurately measuring a distance from the reference point, at right 
angles to the line of sight, found by multiplying the distance from 
the instrument to the reference point (660 ft.) by the tangent of the 
bearing angle (nat tan 0° 00^ 44^^=0.00021) which gives 0.14 ft. 
After laying off the true meridian the angle from the reference point 
may be checked by the method of repetitions. 
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Example of observatioii of Polaris at elongation, obeerving pro- 



Field record. 



Apr. 1, mi. Or. W. E. 

of Polaris, lat. 40* 
Red. to long. 104* ay W. 

" m. 46* 13' N. 



ti 



« 



•6>» 40. 1* p. m. 
. - 1.1 
. - 1.0 



L. M. T. of W. E. of Polaris. 
Watch slow of L. M. T. 

Watch time of W.E 



>6h 44.0" p. m. 
. - 2.9 



—6k 41. 1" p. m. 



Telescope. 


Watch 
time. 


Defleotlan 

angle. 


Direct 


Oh 37»22i 
6 39 40 
6 43 14 
6 45 30 


1* 41' 00" 
1 40 30 
1 40 00 
1 40 30 


Reversed 


Reversed 


Direct 




Mean 


6h 41>26« 


1* 40' 30" 




Declinatianof Polaris- 88* 49' 58" N. 




DechnatioD. 


Latitude. 


88* 49' TO" 


88* 49' 58" 


88*49' 60" 




Azimuth. 


46*00' 

46 13 

47 00 


1* 41' 01" 
1 42 M 


1*40' 60" 
1 41 14 
1 42 42 


1*40*47" 
1 42 39 



Final field notes. 



April 1, 1911, in camp at the cor. 
of Tps. 5 and 6 N., Rs. 56 and 
57 B.. Prin. Mer., Montana, 
in latitude 46* 13' N., and longi- 
tude 104* 39* W.. at 6k 4Uh 
p. m., 1. m. t., I observe Polar- 
U at western elongation, mak- 
ing four observations, two each 
with the telescope in direct 
and reversed positions, readine 
the deflection angte from a tack 
in a peg driven firmly in the 

P'ound, 10 chs. N., west to 
olaris: 
Azimuth of Po- 
laris at west- 
ern eloogar 
tion 
Mean defiec- 
tion angle -> 1 40 30 



- 1*41' 14" 



True bearing of 
mark 



-N.0*00'44"W. 



89. Both of the above observing programs require the surveyor to 
compute in advance the correct watch time of elongation, and in ao 
conducting the observation the minimum period is consumed in the 
observing program; every opportunity is also thus afforded for re- 
versals to eliminate instrumental errors and otherwise to introduce 
(creditable refinement. However, should the watch error be unknown, 
the observation may be conducted by following the motion of Polaris 
in- azimuth during an ample period preceding elongation to insure 
that the epoch of the vertical motion of Polaris in its diurnal circle, 
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or zero iaibtion in azimuth, is taking place, when the surveyor marks 
the direction of sight thus defined. 

The rate of horizontal motion for the hour preceding elongation 
rapidly diminishes, the change in azimuth being to the west for 
western elongation, or to the east for eastern elongation, when Polaris 
will follow the vertical cross-wire, after which the motion is reversed 
at an accelerating rate. This suggests a third, but less refined, ob* 
.serving program . 

POLABXS AT ELONGATION, OBSEBVING PBOGRAM "C." 

90. Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris at elongation; provide 
Buitable illmnination for both the transit and flag point, and have 
everything in readiness as much as an hour before the time of elonga- 
tion. 

Thoroughly level the transit.. 

Bisect Polaris and note that the motion of the star carries it away 
from the vertical wire in the proper direction. As long as this motion 
ifl diacemible continue the bisection of Polaris by the tangent move- 
ment. When it can not be discerned in a period of several minutes 
that the least lateral motion is taking place mark the direction of 
sight upon the ground. 

Reverse and level the transit. 

.Vgain bisect Polaris and mark the direction of sight upon the 
ground. 

Verify the position of Polaris in its diurnal circle by again bisect- 
ing the star and without changing the tangent motion note the move- 
ment of Polaris; the motion should still be nearly vertical, with a 
scarcely discernible movement in the opposite horizontal direction. 

By daylight determine the mean of the sights, and establish the 
meridian by properly laying off the correct azimuth as described 
in observing program **a." 

AZIMITTH OF POLARIS AT ANY HOUR ANGLE. 

91. While no more reliable method is at the command of the sur- 
veyor for the establishment of the true meridian than the observa- 
tion upon Polaris at elongation, yet the epoch of elongation may 
occur at a very inconvenient time and should Polaris be obscured 
by clouds at the time of elongation the observation must fail. The 
"hour angle" method admits of observation upon Polaris for azi- 
muth at any time that the star is visible; the precise watch erroi^ 
local mean time must be known, but if this has been determined, 
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the hour angle method becomes at once the most convenient. The 
possible accuracy of the result compares favorably in every way 
with the refinement to be obtained in an observation at elongation. 

The determination of the watch error local mean time and the cal- 
culation of hour angles having been fully treated on previous pagee, 
it remains only to state that the record of the time observation ehouid 
appear in the field notes with the record of all observations upon 
Polaris for azimuth by the hour angle method, as the azimuth 
observation is incomplete without the time determination. With 
the meridian observation of the sun for apparent noon, and the use 
of the azimuth tables contained in the EJphemeris, the entire process 
becomes so simple and yet so highly refined that the surveyor should 
early become thoroughly familiar with the hour angle method. 

92. Azimuth of Polaris at any hour angle. — "r'=sidereal hour 
angle in angular measure; in hour angles exceeding 90^ the function 
" — sin ^ cos t " becomes positive by virtue of the cosine of an angle 
between 90** and 270** being treated as n^ative in analytical reduc- 
tions: 

sin t 

ian ^^'(j^jg ^ ^2kii 8— sin ^ cos t 

Example of computing the azimuth of Polaris, February 23, 1911, 
at a mean time hour angle of 2^ 37.4™, in latitude 33** 2(K N., on 
which date the declination of Polaris=88** 50^ 08^' N.: 

Mean time hour angle =2*^37 .4» 

n=»2^37»24« 2^ «30** 

37" =» 9** 15' 
Red. to sidereal hour angle= « +26* 50* « 12^ 30^^ 

Sidereal hour angle = =2^37"50» — 39^27^ 3y^ 

log COB <^ =9. 921940 log sin ^ —9. 739975 

" tanS =» 1.691944 " coat —9.887666 

« cos ^ tan d==> 1. 613884 *« sin » cos t«9. 627641 

nat cos 4f tan a =41. 104 nat sin ^ cos f gg p. 424 

nat sin ^ cos t=a 0.424 (— ) 

log on t -9. 803127 

Algebraic sum«=40. 680 " 40.680 —1. 609381 

■ " tan^ = 8. 193746 

Aaimuth of Polaris at above hour angle, Aa* 0** 63^ 42^ ^ 
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9B* A table of azimuths of Polaris At all hour angles, for latitudes 
from 30^ to SO*' N., appears in the Bj^emeris, angoments: declinsr 
tion of Polaris, mean time hour angle, and latitude of station. For 
other than the latitudes given in the table the surveyor will be 
required to solve the above equation. 

Example in the use of the table of azimuths of Polaris at any 
hour angle, same date, hour angle and station as above, showing 
the method of interpdation: 



Declination. 


Latitude. 


ss-wyo" 


SS-HKCW" 


88» 50' 10" 


32»00' 


83»20' 


84*00' 


Mean time hour angles. 


Azimuths of Polaris. 


2^ 34. 7» 
41.1 


2>» 35.1m 
37.4 
41.5 


2k 35.2" 
41.6 


62'. 2 
54.0 


53'. 1 
63.7 
54.0 


53'. 5 
55. 3 



By interpolation in the table the required,. azixnuth of Polaris is 
therefore found to be 0** 6a'.7«0** 53^ 42^-'. 

94* Example of computini; the azunulli of Polaris, Sept. 11, 1911, 
at a mean time hour angle of 7^ 25.1"^, in latitude 42^ 54^ N., on which 
date the declination of PolariB«88<» 49^ 54^^ N. : 

Mean time hour angle =7*» 25.1"» 7*» ^lOS** 

«7h 25m 06» 26»« 6®3(K 
Reductioia to sidereal hour aajgle,...-« -f 1» 13» 19* « 4^46''' 

Sidereal hour ang^e =7^26»19" «11P34M5^' 



logcoe^ 
« tand 

*' cos ^ tan a 
nat cos ^ tan d 

'* sin ^ cos a 
Algebraic sum 



>9.864833 logsin^ 
d.«S0«96 '' cost 



.1.556329 



(( 



sin ^ cos t 



t35. 919 nat sin ^ cos t 
I . 250(+) log sin t 
" 36.169 
" t«n^ 



=36. 169 



Azimuth of Polaips at above hour angle, A 



'««9. 832969 
««9. 565596 

«9. 398565 

« .250 

»9. 968441 

«1. 558337 

a>8. 410104 

-r 28^22^^ 
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' M* Example in the use of the table of asimuthB of Folans at jmy 
hour angle, same date, hour angle and station as above: 



Beclination. 


Latitude. 

1 


88* 49' 50" 


88* 49^54" 


SS" 49' 60" 


42*00' 


42*64' 


44*00' 


Mean time hoar angles. 


Asimoths of Polaris. 


7»» 15. 7» 
29.3 


7fc 15. 1» 
25.1 

28.8 


7* 14.2" 
28.0 


88'. 6 
86. 6 


89'. 9 
88. 4 

87. 8 


91'. 6 
89. 4 



By interpolation in the table the required azimuth of Polaris is 
therefore found to be 88^4=1® 28^ 24'^ 

M* An observation upon Polaris for azimuth by the hour angle 
method consists in marlring upon the ground a point to define the 
true line of sight to Polaris at any convenient epoch, the watch error 
local mean time being known, from which line to lay off the true 
meridian. An equivalent process is to determine the true hori- 
zontal angle by deflection from a fixed reference point to Polaris at 
any convenient epoch, the watch error local mean time being known, 
by which to determine the tme bearing of the reference point. 

HOUB ANGLE OBSEEYATION OF POLABIS, OBSEBVINQ PBOOBAH **a." 

97* Select the observing station and make suitable provision to 
mark the line defining the direction of Polaris; the flag p(»nt should 
be from 5 to 10 chains north of the transit point; provide suitable 
illumination for both the transit and flag point. 
• Thoroughly level the transit. 

- With the telescope in the direct position, bisect Polaris, note the 
watch time, and mark the direction of si^t. 

Keverse the transit j bisect Polaris, note the watch time, and 
mark the direction of edght. 

Again level the transit. 

With the telescope in the reverse position bisect Polaris, note the 
watch time, and mark the direction of sight. 

Reverse the transit to the direct position of the telescope, bisect 
Polaris, note the watch time, and mark the direction of sight. 

By daylight determine the mean (a) of the first and fourth sights, 
%nd (b) of the second and third sights; then take the mean of 
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points "a** and "6" to define the true direction of Polaris at the 
epoch of the average of the watch times of observation. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 

Enter the table in the Ephemeris or make the computation to 
determine the value of the azimuth of Polaris at the epoch of the 
observation .with the stated arguments: declination of Polaris, 
mean time hour angle and latitude; this value is then used to lay off 
the true meridian to the east if Polaris is observed west of the meri- 
dian or to the west if Polaris is observed east of the meridian. 

Example of hour angle observation of Polaris, observing program 



"a": 



Field record. 



Meridian oteervation of the sun for apparent noon: 

^-37* 18' N. 
««» 4 36 8. 



«+«-41» 54' 

Sun's W: limb' d- 
" E. " 



^ 



Watch time of app. noon 
App. noon — 12^ 00« 00« 

Equation of time « —11 25 

L. M.; T.of apparent noon 

Watch last of 1. m, t. 

Hour angle observation of Polaris: 



90" 
41 


00' 
54 


v-48' 


06' 


Weteh Hmr. 
-pl»O0mlS« 


->» 02 


26 


=12»»01« 


22« 


«H 48 


3a 



13»47» 



Telesoope. 



Watch time. 



Direct 

Rflfversed. . < 

Rerersisd 

Direct ,... 

Heun 

Watch last of l.m.t.... 

L. M. T. ofobsn 



6h 


48«n40«p. 


m. 


5 


49 


49 




5 


51 


80 




5 


58 


54 




6H SOo' 45> p. 


m. 


— 


12 


47 




6*x 37» 58» p 


> m. 


5h 


38. 


0" p 


. m. 



Final field notes. 



Oct. 5, 1910, in camp at the cor. 
of sees. 5, 6, 31, and 32,ifD.tb» 
S.bdy.ofT.31S.,K.42W., 
6th Prln. Mer., CoIo.,intoti' 
tude37* 17'.6 N., and longi- 
tude 102* 11' W., I mi^^ea 
meridian observation of the 
sun for apparent noon: 

Watch time of obsn.^i^h 61« 

22". 
Watch fast of 1. m. 1.-12"' 47«. 



At the same station, at &^ d8.0» 
p. m.,1. m. t., I make an hour 
asigle observaticm on PolarLs 
east of the meridian, making 
four observations, two eaxS 
with the telesoope in direet 
and reversed positions, and 
mark the mean potait m the 
line thus determined, on a pee 
driven firmly in the erooncT 
Scbs.N. 
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field record, con. 



Gr. U. C. of Polaris, Oct. 6, 1910 -0»» 32.7'«> a. m. 
Red. to long. 102* 11' W. - - 1.1 



L. M. T., U. C. of Polaris, Oct. 6- 0>» 31.e» a. m. 

+12 
L. M. T. of obsn., Oct. 5 * 5 3S.0 p. m. 



Hour angle of PoJaris east of the 
meridian -> 6^ 63.0» 

DecHnation of Polaris- 88» 4»' 42* N. 



Declination. 



+88«49' 



4©» 



42* 



50* 



Mean time hour angles. 



ei'Si.em 


6k 61.2" 




63.6 


61.5 


61.1 



6i»49.6« 
69.6 



Latitude. 



36* (W 



37' 18 



38*0fy 



Azimuth of Polaris. 



84'. 3 
83. 3 



85'. 7 
85.5 
84.8 



86'. 6 
85.6 



Final 0eid notes, oon. 



Watch time of oten., mean of 
loornadingB— 5b 50«45»p.iiL 



Oct. 6, 1 lay off the *^mtxth of 
Polaris, 1" 25' 30*, to the west, 
and mark the meridian thus 
determined, by a tackin a p^ 
driven flnzuy in the ground, 
Schs. N. ' :- 



HOUB AXGLZ OBSXSVATION OF POLABIB, OBSBBYXNG PBOOBAX "6." 

08. Select the observing sta^n and choose a suitable reference 
mark in any direction. The reference point should be at least 5 
chains distant. 

Thoroughly level the transit. 

With the telescope in the direct position, read and note the hori- 
zontal angle from the reference point to Polaris, noting the watch 
time at the moment Polaris is properly bisected. 

Beverse the transit and read and note the horizontal angle from 
the reference point to Polaris, notiiig the watch time at the moment 
Polaris is properly bisected. 

Again level the transit. 

With the telescope in the reverse position again read and note the 
horizontal angle from the reference point to Polaris, noting the 
watch time at the moment Polaris is properly bisected. 

Beverse the transit to the direct position of the telescope and again 
read and note the horizontal angle from the reference point to Polaris, 
noting the watch time at the moment Polaris is properly bisected. 

Treat the reduction as one observation, applying the watch error 
to the average watch time of observation to obtain the correct local 
mean time of observation. 
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The mean of the four horizontal deflection angles may be taken, 
to which must be applied the proper value of the azimutli of Polaris 
at the mean epoch of the observation, to give the true bearing of the 
reference flag, from which the true meridian may be laid off, or 
the fli^ may be used for a ref ^ence point. 



Example of hour angle observation of Polaris, observing program 



»'6 



» . 



Field record. 



Final field notes. 



Hoar angle obeervatlott on Polaris: 



Telescope. 



Direet.... 
Reversed. 
Reversed. 
Direct.... 



Mean. 



Horisontal angle 
from flag to 
Polaris. 



177* 34' 30" 
177 84 30 
177 84 00 
177 84 00 



177* 34' 15" 



Watch slow of 75th mer. stand- 
ard time 
Correction for loogitade 

L. H. T. of obsn. liar. 21, IfflO^ 

Gr. U. 0, of Polaris, 

same date «1^ 33.0b p. 

Red. to long. 

77*1J&'W --0.« - 



Watcb time. 



Ok 2d* 37* p. m. 
6 25 29 
e 38 17 
6 30 17 



Ob aOM 40t p. n. 



+ 1 
- 8 



22 




6bl0B66> 



eh 19. On p. m. 

m. 
1 82.1 p.m. 



Hoar angle of Polaris west of 
the meridian 

Declination of Poiarls 



-4^ 47.8* 



-88* 4^ 41" N. 



Declination. 



•At%t 



88*49 



40 



ft 



41 



tf 



60" 



Mean time hour angles. 




Latitode. 



38*00 



• KAt 



38*54 



• nAf 



40*00 



Azimuths of PolarlSL 



84'. 7 
80.4 
83.6 



80'. 
88.0 



March 21 ,1010, at a transit pdnt 
in Washington, D. C, in lati- 
tude 38*^ 40'^N.,and longi- 
tude 77* 1'.6 W., I flnd1& 
comparison with a Western 
Union telezraph clock that 
my watch Is !■ 32* slow of 
75th meridian standard time. 

At the same station at 6^ 19.9^ 

E* m.. 1. XXL %.f I make an 
our angle observation on 
Polaris, west of the meridian, 
two each with the telescope 
in direct and reversed poal- 

. tioDS, reading the horizontal 
deflection angle from a flag 
pole about 20 chs. 8., In the 
direction S-W-N to Polaris. 

Watch time of obsa.*-6k aO* 
40* p.m. 

Mean norizontal angle 
from Polarlsw 
flag -177*34'16"N.W-S 

Azimuth 

of Polaris- 1 M M W. 

True bear- 
ing of 
fl4'-N.X7»'00'8ir'W. 

-8. 0*59'2l"W. 
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POLASIB AT SUNSET OR SUNRISE. 

99. Polaris is conveniently observed for azimuth by the hour 
angle method at sunset or sunrise without artificial illumination. 
The preparation for the observation consists in computing in advance 
the approximate settings in azimuth and altitude in order to find 
Polaris, and the plan contemplates an approximate reference 
meridian: With the time of sunset or sunrise assimied as the time of 
observation, the hour angle ''^'' and azimuth ''^" are ascertained 
in order to find the position of Polaris in azimuth; the position in 
altitude is found by the following approximation, the positive sign 
being used for hour angles less than 6 hours and the negative sign 
for hour angles exceeding 6 hours: 

Vy^^±7iy cos t 

Example of computation of the position of Polaris at sunset. May 
6, 1911, at a station in latitude 47'' 2(K N., and longitude 102'' 4(K W. : 

From the Ephemeris the declination of the sun is found to be 
16° 18' N., and by entering Table 17, of the Standard Field Tablep, 
the apparent time of sunset is fotmd to be 7* 15" p. m. 

Assumed time of obsn.. May 6, 1911 ' == 7** 15™ p. m. 

Gr.U.O. of Polaris, May 6 = 10»^ 33. 6» a. m. 4-12 

Red. to long. 102*» 4(K W. -1. 1 « 10 32. 4 a. m. 

Assumed hour angle of Po- 
laris west of the meridian 
fiour angle, angular measure 
Azimuth of Polaris, W. 
Latitude of station «47° 20' 

70' cos t=70 cos 130** 39' . = 46f-) 



— - 


7h 


15"^ 


m. 


+12 




« 


10 


32.4 




8* 42. 6* 


» 


130° 


39' 


7^ 


1° 


17' 









r?^46° 34' 



Example of computation of the position of Polaris at sunset, Nov. 
6, 1911, at a station in latitude 47** 20' N., and longitude 102*' 40^ W.: 

From the Ephemeris the declination of the sun is found to be 
15'' 44^ S., and by entering Table 17, of the Standard Field Tables, 
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the apparent time of BunriBe is found to be 7^ 12"^ a. in., or of sunset 
4^ 48" p. m. 

Gr. U. C. of Polaris, Nov. 6, 1911 =10^ 28. 2» p. m. 

Red. to long, 102*» 4(K W. « -1. 1 



L. M. T. of U. C. of Polarifi 
Assumed time of observ^ation 



=10»» 27. 1« p. m. 
= 4 48 p. m. 



Assumed hotu: angle of Polaris east of the meridian= 5** 39. 1" 
Hour ax^le, angular measure =84** 46'' 

Azimuth of Polaris, E. ?^ 1*» 43' 

Latitude of station =47*» 20' =«=*=»=« 

TCK cos f=70 cos 84° 46' = 06(4-) 

v^47° 26' 



Example of computation of the position of Polaris at sunrise, 
November 7, 1911, and same station as above: 

Aasjumed timeof oben., Nov. 7, 1911 ==•( 

I- 



I.. M. T. of U. C. of Polaris, Nov. 6 



.+12 
= 10 27.1 p.m. 



Assumed hour angle of Polaris west of the meridian— 
Hour angle, angular measure = 

Azimuth of Polaris, W. ^ 

Latitude of station =47^20' 
70' cos t=«70 cos 131*'14'« 46(-) 

r?^46**34' 



8** 44.9* 
131** 14' 
1*»16' 



Thus at the above station in latitude 47^ 20' N., and longitude 
102** 40' W., to observe Polaris by the daylight method an approxi- 
mate meridian should be established irith the solar before sunset, 
then to find Polaris the following angles are set off: 



Sui]aetMay6,1911.. 
SmiMt Nov. 6, 1011 . 
Sunrise Nov. 7, 18U 



Ilorisontal 
angle. 



mr w. 

1M3' E. 
1*16' W. 



Vertioal 
angto. 



'47» i6' 
46*34' 
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The above '^ settings'' are merely approximations, but sufficiently 
close, bowever, to bring Polaris reasonably near the center of the 
field of the telescope where the star will be found in plain view; 
the telescope should be focused upon a distant object, otherwise, 
though Polaris may be practically at the center of the field, it might 
be out of focus and therefore not observable during daylight. When 
Polaris has been found the above settings have answered their 
purpose and the observation may proceed in accordance with either 
observing program '*a" or **b'* of the hour angle method, the final 
reductions to be based upon the precise details of the observation. 
During the reversals of the transit the settings should be made each 
time. The daylight hour angle method is {Murticularly desirable be- 
cause the observation, including all instrumental work, maryiTig of 
points upon the ground, etc., is accomplished without artificial illu- 
mination, and sunset is usually a convenient time to devote to this 
field duty. 

To recapitulate, the following general program will be foimd best 
adapted to the requirements of public-land sur\'^eying practice, and 
will be used most extensively: 

Time: By meridian observation of the sun for apparent noon. 

Latitude: By meridian altitude observation of the sun. 

Azimuth, true meridian upon which to test the solar apparatus: 
By hour angle observation on Polaris at sunset. 

Azimuth, on line: By the solar transit properly adjusted to the 
true meridian. 

ALTITUDK OBSEBVATION OP THE SUN POH AZIMUTH. 

100. While the methods of observation upon Polaris for azimuth 
are unquestionably the most desirable in their relation to the theory 
and practice of public-land surveying, yet a very efficient alternative 
is foimd in direct altitude observationB upon the stm for azimuth, 
with a number of equations at the disposal of the surveyor to suit his 
convenience. During the shorter days of the year and even quite 
often at any season the surveyor finds himself at a loss for time and 
suitable daylight hours in which to make the required tests of his 
solar attachment; conditions obtain making the required tests 
impossible if limited to a Polaris meridian in camp, without involv- 
iilg unreasdnable delay. It is in such cases that a direct altitude 
observation upon the sun for azimuth, on the actual line of the 
survey, finds its most useful application. Presimung the surveyor 
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at work mth. a etftadard instrument with solar attachment, the 
accoiacy of its adjustments can, by this method, be readily tested 
at work on line at any suitable morning or afternoon hour, without 
appreciable loss of time. Under working conditions any line deter- 
mined with the solar attachment may be' used for reference pur- 
poses, while vertical and horizontal angled are recorded to the sim 
to obtain the necessary data for computing the true bearing of the 
established solar line. A series of three altitude observations upon 
the sun, each with the telescope in direct and reversed positions, 
are required to guard against error; these are readily made in 10 
or 12 minutes, while the reductions may be made in the evening 
without loss of time from the. line work. 

Other difficulties in the natiue of temporary disability of the solar 
attachment, and cloudy nights preventing Polaris observations, 
or other adverse conditions may sometimes obtain, durmg which 
periods, even for a few days, if the surveyor is familiar with the 
method of direct altitude observation upon the sim for meridian, 
he can thus establish his lines and possibly realize a sa\dng of the 
entire time of his party until the trouble is removed. To the sur- 
veyors who have used this method little more needs to be said in its 
favor, but to those unfamiliar with it the suggestion is made to 
practice the observations and reductions until proficiency is attained, 
and in its application the reward will come many times during an 
average season's work. 

Referring to the description of the standard instrument adopted 
by the (General Land Office it will be noted that it is equipped with 
a full vertical circle, a colored glass shade in the dust shutter of 
the eye-piece, and a prismatic eye-piece; these are essential to rapid 
and accurate altitude observations upon the sun. 

101* An altitude observation of the sun for azimuth consists in 
the almultaneous determination of the true vertical and horizontal 
angles to the sun's center, the horizontal angle being referred to a 
fixed point. With the true vertical angle to the sun's center, the 
declination of the sun, and the latitude of the statkm all known, one 
of the following equations is entered and a calculation made at the 
azimiith of the sun's center at the epoch of observation, as referred 
to the ,tnie meridian; the relation between the sun's calculated 
azimuth and the recorded angle to the sun's center gives the true 
bearing of the fixed reference point. 



104 MANUAL OF SURVEYING INSTRUCTIONS. 

102. Altitude obHnHtiiion of the aun/or aximu^ — Reverse 
of ' ' 3 " for south dedinatioiis: 

V cos i (r- <^-5) dn i a-<^+5) 

The spherical angles '^^'', **^^\ and *'S*^ appear in this equation 
combined as in the f onnula for the reduction al an altitude observa- 
tion of the sun for apparent time, and when it is dedred to reduce 
lor both time and azimuth, the above equation for azimuth is to be 
preferred to any that follow. 

108* Altitude chservadon of the 9unfor aximtUh. — ^For south declin- 
ations the function ''sin 5" becomes negative by virtue of the sbe 
of a negative angle being treated as negative in analytical reduc- 
tions: If the algebraic sign of the result is positive the azimuth *^A" 
is referred to the north point, but if negative, the azimuth ''^" is 
referred to the south point: 

sin S 

^^ ^==C08^C08A""*^ * ^ ^* 

The above equation is very convenient in reducing for azimuth 
only. 

104. Altitude oheervatum of the 9un far azimuth. — ^To many sur- 
veyors the following equation is familiarly expressed directly in 
terms of the spherical triangle ''xx>le-zenith-fiun: *' Reverse the ingn 
of ** 5" for south declinations: 

Pole to zenith =90°—^= colat.; 
Pole to Sim =90**— d=s coded.; 
Zenith to sun =90°—^ = coalt. ; 
S=\ sum of the three sides: 



Cos \ A— / sin S sin (/S'— coded.) 
Y sin colat. sin coalt. 

OBSESVINa PBOGBAM, MOBNING. 

« 106« Thoroughly level the transit. 

With the telescope in direct position observe and recoid the hori- 
zontal deflection angle from a fixed reference point to the sun's right 
limb, and the vertical angle tpthe sim's upper limb; these obeer\'a- 
ticms must be simultaneous, at the epoch of which the sun will appear 
as indicated ; note the watch time at the epoch of the obaervatioii: q~ 

Reverse the transit. 



Obeefve and reoonjl tbe heriMiitBl 4«AectiQa aogLo boom the fixed 
refeieiioe poinl to ik9 mw'fl iftft Iwb, 9ad ibd vertieai fpgle to the 
sun's lower limb; these obeervationB must be simultaiieoiiB, At the' 
epoch of which the sun will appesor as indicated; note the watch 

time at the epoch of the observation: -^ 

The mean observed vertical ai^d }^ori9ontal angles, and the mean 
watch time are to be used in the leduction; this program constitutea 
one coip|dete altitude observation, which is repeated until. a seriea 
of thrf0 oomplete direct and leyeiaed observafeioiui ^xe ifu^e. 

^ oMntnra ntooaix, Artmaatoott. 

106* In the alternoon the program is modi&ed only as to the order 
in which the sun^s limbs are observed, which is as follows: 
First observation, telescope direct, observe the sim's right and 

lower limbs: ^ 

Second obeervation, telescope reversed, observe the sun's left and 

upper limbs: -fc' 

107. By the above observing programs the horizontal and ver- 
tical angles in the direct positions of the telescope will be found of 
about the same numerical values as in the reversed position of the 
telescope, by reason of the sun passing in a direction that will carry 
it acrofli the field of the telescope during the time talcen in the re- 
versal and second setting. Differential refraction is therefore prac- 
tically eliminated, and it is desirable that the corresponding angles 
in the direct and reversed positions of the telescope be about the 
same rather than as fax apart as would result in any other observing 
program. 

The most suitable hour for this observation is when the stm is 
moving rapidly in altitude as compared with a relatively small 
change in azimuth. When the sun baa been brought into about the 
proper position in the field of the telescope the observer by lateral 
motion of the horizontal tangent screw on the plates keeps the vertical 
wire tangent to the sun's right or left Mmb while the upper or lower 
limb of the sun by the direction of its motion gradually approaches 
the horizontal wire; at the epoch of proper tangency of the two limbs 
to the two wires the observation is completed by calling ''time " and 
stopping all motion until the angles are recorded. It is very helpful 
for an assistant to read the time and to enter all records. 

55465"— 19 8 
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108. Example of direct altititde elwervtttlon of the sun lor azi- 
muth, sun north declinationi and both north and sooth of an east 
and west line: 

Final JiMnotMi 

Aug. 2, 1909, at the cor. of Tpe. 31 and 32 S., Rs. 43 and 44 W., 
eth Frin. Mer., Colo., in latitude ST^" 17^5 N., and longitude 102"* 
18^6 W., at 7h SOm. a. m., app. t., I set off 37^ 17^ W^ N., on the lat. 
arc; 17^ W N., on the decl. arc; and determine a meridian idth the 
solar, whence I turn 90® to the east and sei a flag, about 20 du. 
dist.; then to test this indication of the solar I make a series of three 
altitude observatioDS of the sun for azimuth, each with the telescope 
in direct and reversed positions, observing opposite limbs of the sun, 
and reading the horizontal deflection angles from the flag to the sun: 



Obserw 
Tation. 


Telesoope. 




Watditime. 


Vartloal 
angle. 


Horixontal angle 
Iromflitftosan. 


1st 
It 


Direct 

Bewaed... 

Mean.. 
0inot ...... 

Beyined... 

Umn.. 


xt 


-f 


7 38 15 


a0»06' 
29 48 


0* 08* 30" to N. 
33 00 " " 






»• w 80" 


0* 20^ 45" to N. 




cH 


-P 


7^41«20« 
7 4S 60 




2nd 

tt 


W 58' 00" 
80 46 SO 


0*88^00" to 8. 
Ul 86 " '< 






80* Sy 15" 


0*22' 15" toS. 


3rd 


Direet 

Beversed... 
Mean.. 


6- 


.p 


7hfi2"00« 
7 53 48 


83* 06' 00" 
82 58 80 


2* irOO*: toS. 
1 M 00 " " 




7k 6»» 64» 


82* 50* 15" 


2* 00' 80" toS. 











By 1st obsn. flag bears N. 89* W hV^ E. 
By 2nd obsn. flag bears N. 89 58 26 E. 
By 3rd obsn. flag bears N.89 58 88 E. 

Mean true bearing of flag N. SO^* 58^ 4(K^ E. 
Indicated enor of solar 
attachment y2(/^ 



Field record. 

The declination of the eun for the mean period of the three obeer- 
vation8«17*' 61' W^ N. 
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The following reductions are made to obtain the true vertical 
angles of the above observations: 

1st obsn. 2nd obsn. 

Refraction = -1 40 -1 36 

Parallax = + 8 +8 



3rd obsn. 
32*» 59^ W 
-1 28 
+ 8 



=29** 54^ 58^' 30** 50^47^' 32*»67^6y^ 



The following examples of reduction are all by tbe equation: 

_ . sin d . • 

Cos ui«» r —tan tan a 

cos^cos A 

log cos 0»-9. 900674 log sin a»9. 486493(+) log tan^»9. 881708 

" cos A=9. 937897 ** tan A«9. 759970 



9.838571 



9. 838571 log 9. 641678 

log 9.647922 nat(-) .43821 
nat (+) . 44455 
(-) .43821 

cos A^i^+) . 00634 
^«True bearing of sun «:N. 89* 38^ 12^' E. 
Angle from sun to flag =(+)0 20 45 

True bearing of flag =N. 89*» 58^ 57^^ E. 

log cos ^=9. 900674 log sin S»9. 486493(+) log tan 0=9. 88170S 
" cos A=9. 933763 '* tan A=9. 776132 



9.834437 



9.834437 

log 9. 652056 

nat(+). 44880 



log 



9. 657840 



nat(-) .45482 
(-!-) .44880 



cos-4=(-) .00602 
-4—True bearing of Bun «S. 89** 39^ 19^' E. 
Angle from sun to flag =(+)0 22 15 



True bearing of flag 



=S. 90* 01^ 34^' E. 
=N. 89* 68^ 26'^ E. 
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: log cos 0»9. 900674 log ain d«=9. 486493(+) log tan ^«9. 88170S 
*' cos A=9. 923762 <* taa ^=9. 811941 

9. 824436 9.824436 log 9.693649 

log 9. 662057 nat (-) .49391 

nat (+) . 45926 " (+ ) • 45926 

co8^=(-) .03465 
^=True bearing of aun =S. 88«* OO' 52'^ E. 
Angle from sun to flag =(+)2 00 30 

True bearing of flag ^S, 90*^01^ 22^^ E. 

=N. 8^*» 58^ 38^'' E. 



The particular convenience of the above equation is noted in the 
fact that the functions ^'coa 0'^ **tan 4f*\ and "ain 5'' are constant 
throughout the entire reduction, the function *^h" bcjing the only 
variable. 

109. The third of the above aeries is selected for an example of 
Teduction by the equation: 

Coe i ^^ Jgf^ (^-codecl.) 
\ fan colat. sin coalt. 

90* -^=90** -37^ 17^ 30^' =«52^ 42' 30^'=colat. 
90°-a=.90*-17**51'04^'(+)=«:72 06 56 =codecl. 
90** -^=90*- 32® 57^55'' »:*57 02 05 i^Coalt. 

2 iS-lgi** 53' «1'' 



S^ 90* 56' 45" 
codecl.=90*-5= 72 08 56 



iS-codecl.= 18* 47' 49^ 
log sin ^ = 9. 999941 

** sin(iS-codecl.)= 9.508146 

** sin colat. «9. 900674 9. 508087 

** sin coalt. =9.923762 



9. 824436 9. 824436 






COS* iA = 9. 683651 

cos iA = 9.841825 

iA = 45* 59' 35" 

^=True bearing of sun =N. 91* 59' 10" E. 

Angle from sun to flag =(-)2 00 30 

True bearing of flag =N. 89*58' 40^' E. 
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The above equation is as good as any for the reduction of one obser- 
vation, but the reduction becomes laborious for a series of three 
observations. 

110. The third of the above series is also selected for an example 
of reduction by the equation: 

Tan*^« / cos i (r+<»+g) ein j (^+4>-5) 
^ Y cos i (r-*-fi) sin i (r-<^+5) 

*= 32* 57' 65^^ 



f = 67* 02^ 05'' 
^= 37 17 80 

r+<^= 94* W 85" 
5= 17 51 04 (+) 

f +0+5=112* lO' 89" 
l(r+<^+«)==« 56* 06' 20" 



f «67* 02' 06" 
^«37 17 30 

f -0=19* 44' 35" 
a=17 51 04 (+) 



|--0+5=37* 35' 39" 
i(r-^+«)=18° 47' 50" 



f -{-0==: 94* 19' 35" 
5= 17 51 04 (+) 

^+0-5=, 76° 28' 31" 
i(f +*-«)= 38* 14' 15" 



f-0«19* 44' 35" 
5=17 61 04 (+) 

f-.0-a=, 1*53' 31" 
i(f-<^-8)« 0*56' 45" 



log cos i(r+*+«)*« 



" cos }(f-0-«)=9. 999941 
" sin J(r-*+«)=9. 508152 



9. 746561 
9. 791636 

9. 638197 



9. 508093 9. 508093 



log tan * iA= 
" tan iA= 



0. 030104 
0. 015052 



iui= 45* 59' 34" 
4=True bearing of sun =N. 91* 59' 08" E, 
Angle from sun to flag=(-)2 00 30 

Troe beai^ing of flag =N. 89* 68' 88" E. 
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111. The above equation is as good as any for tlie reduction of one 
observation, but the reduction becomes laboxipus for a seiiee of three 
observations. However, the advantage in using the above ^uation 
18 found when it becomes desirable to reduoe the observations for 
both time and azimuth. 

Let it be required to reduce the third observation of the above 
series for time, making the reduction by the following equatian: 

Tar.1/- / sin ^(r-f »-g) Bin Kf "»+«) 
lan i t-Ycos i(f+^+«) cos J(r-f^-«) 



log sin i(r4-<A-«)= 9. 791636 

8ini(r-^+5)= 9.608152 



tt 



9. 299788 






COB i(f +*+«)=9. 746561 
cos J(r-*-«H9. 999941 



9. 746502 9. 746502 



'' tsm^it =» 9.553286 

** tan ii = 9.776643 

|t «30*52'34'^ ' 

t =»61° 45^ 08^^«4»» 07« 01* 



Apparent time of observation ^7^ 52* 59* a. m. 
Equation of time » 4.6 05 

Local mean time of observation=7^ 59* 04* a. m. 
Watch time of observation a7 52 54 



Watch slow of 1. m. t. « 6« 10- 

112. Example of direct altitude observation of the sun for azimuth, 
Bun south declination: 

Final field notes. 

March 18, 1910, at a transit point in Washington, D. C, in latitude 
38° 53^ 40^^ N., and longitude 77° 0^.6 W., at 3* 42« p. m., app. t, I 
make a series of three altitude observations upoti the sim for azimuth, 
each with the telescope in direct and reversed positions, observing 
opposite limbs of the sun, and reading the horizontal deflection 
angle from a flag pole about 20 chs. to the S., SW. to the sun: 
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Obser- 
vation. 


Telflsoope. 


Son. 


Watch 
time. 


Vertical 
angle. 


Horisontal angle flag 
to son. 


1st 


Direct 

ReTBised 

Mean. 

Direct. 

Beyersed,... 

Mean. 

Direct. 

RofOisod.... 

Mean . 


-b 


3i'56a58> 
3 58 48 


25*20' 
25 31 


65*00' toSW. 
64 45 " " 




3'* 67« 53» 


26* 26' 30" 


64* 62' 30" " " 




■h 




2ncl 


411 oi» 48i 
4 03 10 


24*28' 
24 44 


66*66' " " 
66 36 






24* 36' 00" 


65* 46' 00" " " 










3rd.... 
II 

• • • 


4i>05>»58> 
4 07 30 


23*44' 
23 57 


66*44' " " 
66 26 






23* 60* 30" 


66»36'00" " " 











By Ist obsn. flag bears S. 1** 00^ 02^^ W. 
" 2nd " '' " S. 1 00*20 W. 
" 3rd ** " " S. 59 50 W. 



Mean true bearing of flag=S. 1** 00^ (H'' W. 



Field record. 

The declination of the sun for the mean period of the three obser- 
vation8=l<* 02^ W^ 8. 

The following reductions are made to obtain the true vertical 
ao^es of the above observations: 

Ist obsn. 2nd obsn. 3rd obsn. 
i;«26*» 25^ 30^' 24^ 36' 00^' . 23*^ 50^ 30^' 
Refraction^ -2 00 -2 06 -2 10 

ParaUapc» +08 +08 +08 



^=25*» 23' 38'' 24** 34' 02" 23** 48' 28" 
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118. The fiiBt of the above series is selected for an example of 
reduction by the equation: 



TAnl><« / cos ^(r-f »+g) sin i(r+^-g) 
^^ * V cos i(f-0-«) sin i(r-0+«) 
A= 25*» 23' 38'' 



r- 64** 36' 22" 
0=« 38 53 40 

f+^«103<> SiK 02" 
«« 1 02 16 (-) 



^+0+5 «102« 27' 46" 
i(r+04-g) « 51° 13' 53" 

f +4^=103° 30' 02" 
«= 1 02 16 (-) 






f =64*» 36' 22" 
<^«=38 53 40 

1 r II 

f-.<^=25*' 42' 42" 
5« 1 02 16 (-) 

-<^+«=24° 40' 26" 
0+8)=12° 20' 13" 



r-<A=25^ 42' 42" 
5= 1 02 16 (-) 



T- 



f +0-5 =104^ 32' 18" 
j(|-+0_a)=: 52® 16' 09" 



i(r- 



-<^-««26<» 44' 58" 
0-«)«13** 22' 29" 



log cos i(f +</»+«)= 
sin ia+<^-«)= 



(( 



9.796697 
9. 898118 

9. 694815 



(< 



(i 



cos i(f-0-«)=9.^8O58 
sin J(f-0+a)==9. 329724 

9. 317782 



log tan* i A — 
•* tan i ^ = 



9. 317782 

0. 377033 
0. 188516 



iA = 57*» 03' 44" 
^«True bearing of sun=»N. 114*' 07' 28" W. 
Angle from sun to flag« (+)64 32 30 



True bearing of flag=N. 178® 69' 58" W. 

=S. V 00' 02^' W. 
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114. Let it also be requxred to reduce the fint obeervatioii ei the 
above series for time, malritig the reduction by the IbDowiUg equa- 

tion: 

Ta„ i ,^ / flin i(f-f »-a) sin i(f-><>+a) 
^^ ' ' V cos i(r+*+«) cos i(f-*-«) 
log Bill J(r+0-a)= 9. 898118 



«< 



<< 



<< 



Bin i(f-^+«)« 

cos i(r+<^+«): 
cos J(f-.^-5): 



9. 329724 

9. 227842 
9. 796697 
9.988068 

9. 784766 9. 784766 



9.443087 
9. 721644 



log tan 3 i t«i 
"tan J«:= 

J «=27* 46^ 29'^ === 
t«66« 32^ 68^'«3>» 42» 12« 
Apparent time of obsn. =3^ 42" 12" p. m. 
Equation of time « 4-8 17 

Local mean time of obsn.»3^ 60" 29* p* m. 
Watch time of obsn. = 3 67 63 
Watch faat of 1. m. t. « 7" 24* 

75th meridian time of comparison with a Western 

Union telegraph clock =4* 30" 00" p. m. 
Correction for longitude = —08 06 

L. M. T. of comparison 



«4 21 

Watch time of comparison»4__29 
Watch fast of 1. m. t » 



64 
20 



» 7»26' 

115. The second observation of the abore series is selected for an 
example of reduction by the equation: 

Cos -4»s~-— r— tan 4> tan h 

•cos ^ cos A 

log COB ^fa«9. 891149 log sin a:*>8. 267968 (-) 
'' COS A»9. 968790 

9.849939 
log 



log tan ^»9. 906733 
taa A 1^9. 660063 



n 



9.849939 



8. 408019 
nat(-) .02669 



log 

nat (— ) 

(-) 

C08-4=(— ) 

i4=.True bearing of sun «S. 66*46^ 20^ W. 
Angle from stm to flaga' (~)65 46 00 
True bearing of flag «S. 1^ 00^ 20 ^^ W. 



9. 566786 

.36880 
.02669 

.39439 
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11<^ The thizd obeervation of the above aeneB is selected for an 
example of reduction by the equation: 

Y BOX colat. sm coalt 

90«-^«90*»-38« 53^ 4(K^ « br 06^ 2(K^«colat. 
90*»-««90°- 1 02 16 (-)« 91 02 16 «codecl. 
90°-ft«90**-23 48 28 « 66 11 32 «coalt. 



2 S=208«» 20^ 08^' 

8=104^ lO' (A'' 
codecl. =90*»-«- 91 02 16 



5 -coded. = 13*»07M8^^ 
logmniS » 9.986585 

*• sin (^--codecl.) = 9,356334 

9.342919 
" sin colat »9. 891149 

" dncoalt. »9. 961376 



9.852525 9.852525 



logco8>M» 9.490394 

•* C08 J^« 9.745197 

M- 56*'12^3y' 

jl=True bearing of sun ^ N. 112<* 25' 10^' W. 

Angle from 0iin to flag »" (+) 66 35 00 

True bearing of flag « N. 179° OO' 10^' W. 

^ S. 0*^59'50^'W. 



EQUAL ALTITUDS OBSBBVATIONS OF TBB SUN FOB MSRIDlAN. 

117. The true meridian may be establiflhed by the method of 
equal altitude observatiouB of the sun. The observation is not iTell 
adapted to line work, but it possesses a certain usefulness in camp, 
in that the surveyor may thus determine the true meridian by the 
sun with mere approximations as to time and latitude. 

The fixation of the true meridian by this method depends upon 
the theory that the sun's center at equal altitudes occupies sym- 
metrical positions in azimuth east and west of the meridian in 
the morning and in the afternoon except for the correction neces- 
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sary to be applied due to the change in the sun's declination in 
the interval between the a. m. and p. m. observations: 

**dAi " : Correction in azimuth in minutes of angular measure to be 
applied to the mean position in azimuth to obtain the true south 
point; the correction is to be applied to the east with a northerly 
hourly change in declination, or to the west with a southerly hourly 
change. 

*^di'*: Change in declination of the sun from the a. m. to the p. m. 
observation, expressed in minutes of angular measure. 

''(^+^)"** The sum of the hoiu: angles from apparent noon, or the 
total watdi time from the a. m. to the p. m. observation, expressed 
in angular measure. 

J, _ JdB 

*"cos^8ini(ii+^ 

The symmetry of the equal altitude observation is maintained 
by observing opposite limbs in azimuth in the a. m. and p. m. 
observations, in connection with the same limb in vertical angle 
in both observations. 

With '*idi" and ''K^+<a)" calculated, the computation can be 
concluded by applying to" ids ^* the declination coefficient obtained 
by entering Table 22 of the Standard Field Tables, whidi gives 
coefficients for computing errors in azimuth due to small errors in 
declination, arguments: *'4>*' and ^'K^i+t)).'' 

118. An equal altitude observation of the sun for azimuth consists 
in reading the horizontal deflection angles from a fixed reference 
point to opposite right or left limbs of the sun in a. m. and p. m. 
observations simultaneously with the s^une upper or lower limb 
at the epoch of equal vertical angle in both observations, from the 
record of which a calculation is made of the bearing of the reference 
point as referred to the true meridian. To guard against error the 
surveyor is required to mal^e a series of three equal altitude obser- 
vations, taking the resulting mean. The most suitable a. m. and 
p. m. hours for this observation obtain when the sun is moving 
rapidly in altitude as compared with a relatively small change in 
azimuth. 

ISQUAX. ALXITUPS OBSXBVA1ION8 OF THE SUN, OB6E£VmO FROOBiJf . 

119. Select the observing station^ or transit point, and a reference 
point preferably to the south, and not nearer than 5 or 10 chains 
distant. 
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Thorou^ly level the transit for the a. m. observation. 

Observe and record the horizontal yleflection angle from the fixed 
reference point to the sun's right limb, and the vertical angle to the 
sun's lower limb; these observations must be. simultaneous, at the 
epoch of which the sun will appear as indicated; note the watdi 

time at the epoch of the observation: ^- 

Thoroug^ly level the tiansLt for the p. m. observation. 

With the same vertical angle set off for the p. m. observation follow 
the sun's left limb until the sun's lower limb becomes tangent^ as 
indicated, recording the watch time and horizontal deflection angle 

from the reference point: -p 

The above program constitutes one observation. A seriee of three 
observations are taken by three successive a. m. settings at intervals 
of about four or five minutes of time. In the p. m. the settings are 
of course made in the inverse order. 

Consider each equal altitude observation separately and subtract 
the lesser horizontal angle from the greater and divide by two. 

The mean of the three half-differences is then taken to detenmne 
the horizontal angle from the reference point to an unwrrected south 
point, this angle to be applied in a direction to equalize the south 
point between the two observed positions of the sun. 

Compute the differential azimuth correction due to the change in 
the sun's declination from the mean period of the a. m. to the mean 
period of the p. m. observations, and apply this angle to the mean 
of the half-differences as stated above; the differential aaimuth cor- 
rection is to be applied to the east when the hourly change in the 
sun's declination is northerly or to the west when the hourly change 
in the sun's declination is southerly; the computed resultant angle 
indicates the bearing of the reference point referred to the true 
meridian. 

The correct apparent times of the observations do not need to be 
known, as the function "K^i+0 " ^nals one-half the time in houra 
and minutes, by the surveyor's watch^ from the a. m. to the p. m. 
observation. 

The equal altitude observation may be modified by taking a p. m. 
observation one day followed by an a. m. observation the next, in 
which case the functions ^'Jdd" and ''i(2i+^) " A^ to be computed 
for the period from the p. m. to the a. m. observation; and the differ- 
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ential azimuth correction, *'d As"y is then applied in the opposite 
direction. 
120. Example of equal altitude observation of the sun for azimuth: 

Final JUld notes. 

May 3, 1913, at a tranait point in Washington, D. C, in latitude 38^ 
63^ 40'^ N., and longitude 77° r.6 W., at 9»»27« a. m. and 2*>33« p. m., 
app. t., I make a series of three equal altitude observations upon the 
sun for azimuth, reading the hori2»ntal deflection angle from a flag- 
pole about 20 chs. to the S., SE. in the a. m. to the sun's right limb, 
and SW. in the p. m. to the sun's left limb; equal vertical angles 
being taken to the sun's lower limb. 



Observation . 



1st ft. m. 
3d p. HL.. 



2da.m. 
2d p.m. 



Sum of hoar angles . 
Mean boor angle 



3da. m.. 
1st p.m. 



Sun. 



^ 



4- 



^ 



-f 



-f 



-P 



Watdi 

time. 



2 41 40 

9»'32a50« 
2 38 15 



6i»05«»25- 



9h80n30. 
2 34 45 



Vertical 
angle. 



48^28'00" 



•tViftV\f* 



49*a'>'00 



49*43'00 



Horizontal angle flag 
to sun. 



67'20'00" to SE. 

06 2830 toSW. 



I'srso" (Dili.) 

66'29'30" to SE- 

64 3800 toSW. 



rsi'aO" (Dill.) 



66'*34'30" 
63 45 30 



toSE. 
toSW. 



1"'49'00" ^mff.) 



Qne-half differences, or bearing angles from uncorrected south 

point to flag: 

By let obsn. =S. 0* 65' 45'^ W. 

" 2d " «S. 65 45 W. 

'* 3d " =8. 54 30 W. 



Mean *=6. 0° 56' 20^' W, 

Differential azimuth corrections (+) 3' 53''' 



Mean true bearing of flag —8. 0** 59' 13" W. 
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Field Ttoord, 
The hourly change in the sun's declinataon»44^^.3 N. 

/v 



>^nsitpoinf 




JCan- 



Hot. ang. a. m.=r^ a. m.+xs=^+x 

Hor. ang. p. m.a=^ p. m.— a;=-4.+2(Ll«— « 

Hor. ang. a. m.— Hor. ang. p. m.a=2x— 2<Li« 

Hor. ang. a. m. —hor. ang. p. m. 

! 2 '-r^j^h 

The following computation is made to obtain the differential 
azimuth correction for the above series: 

\ (to= JX5.08X44.3-112^^; log J<f««2.049218 
0=38° 53' 4<K' N . ; log cos «9.891149 
J (ii+<3)'=2'^ 32« 42« 
=38° 1(/ 30^' 
log sin \{h + ^) =9.791034 

9.682183 9.682183 



log d ^a=2.367035 
d J.a=Differential azimuth corrections^ 233^' 

=3' fA" 
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121. Ibe following reduction to obtain the value of the differ- 
ential azimuth correction for the above series is made with the use 
of Table 22 of the Standard Field Tables: 



lAtltude. 


h(.k+k)» or hours from noon. 


2h 


21133" 


3»^ 


a5»00' 
38 54 

40 00 


2.44 
2.61 


2.05 
2.16 
119 


1.73 
1.85 



Declination coefficient —2.16 

d -4««2.16Xi <fe-2.16X112^^ =«242'' 

d J.|a>differential azimuth coiTectiontt«4^ 02^^ 

The small difference (09^^) in the computation of **d Ai'^ in the 
two pgx>cesBeB of reduction is due to the error in adopting a coefficient 
obtained by linear interpolation in Table 22 of the Standard Field 
Tables, the tabular interval of which is large. Ordinarily the equal 
altitude method would be used when the latitude of the station ia 
uncertain, and the slight error in using the dedinatiou coefficient 
taken by linear interpolation from Table 22 is small enough to be 
negligible. 

122* Hie second a. m. and p; m. observations of the above series 
are selected for an example of reduction to the sun's center and* 
direct computation of the stm's azimuth, and true bearing of the 
flag, by the equation: 

^ ^" cosTcL h "^ ^ *«^ * 

Vertical angle to sun's lower limb=49° 05^ (KK^ 
Reduction to sun's center =+ 15^ W' 

Refraction = - 49'' 

Parallax £=+ 06'' 



Sun's center, h 



=49** 20' 11" 
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Declinatioii of the ^un «t Greenwich »ppaieirb noon x«ld^ 34^ 37^' K . 
DiS. in time to a* vu di>fln. : 

For longitude « 6^» 

For time, a. m. «— 2 33 



2.58 »» - ^86* 

Diff. in declination to app. t. of a. m. obsn.: 
2.58X44^^3=114^^ 



r54''N. 



Sun's decl. a. m. obsn. — 15** W 31^' N. 

Diff .to p.m.ob8n.,already computed(2Xll2''— 224^")=* 3'' 44^' N. 

Sun's decl. p. m. obsn. = 15^ 40^ 15^' N. 

a. m. obsn. p. m.* obsn. 

log cos ^«9. 801149 log dn 3^9. 4a9856(+) log sin ai»9. 431541(+) 
*' cos *=9. 813992. 



9. 706141 



9. 709141 



«♦» <- 



''taa^ »9. 906733 log 9.72471^ 

''tan.4 ««a 065991 n^tC^^). «530&4 



log 9. 972724 

nat(-) .93913 

COSul a 



(-) . 93913 
(--) 



9. 706141 

log 9.726400 

nat<+) *^260 

(-) .93913 



.40869 



-4=true bearing of sun =S. 65** 53^ 02^^ E. 



(^) .40653 

S. 66° 00^47^' W. 



Horizontal angle from 
flag to sun's right and 
left limbs > 

Reduction to sun's cen- 

15.9^ 

ter= • 

COB 49** 20^ 



66** 29^ 30^^ to SE. 64** 38^ OO^'' to SW. 



(+) 24' 24^' 



(+) W 24''^ 



Hor. ang.tosun's center = 66** 53' 54^' to SE. 65** 02' 24^' to SW. 
Sun's azimuth as com* 
puted above =S. 65** 53' 02" E. S. 66** OO' 47" W. 

True bearing of flag =S. POO' 62" W. S. 0**58'23"W. 
Mean true bearing of flag «=S. 0** 59' 37" W. 



The discrepancy between the a. m. and p. m. results suggests a 
systematic instrumental error ordinarily eliminated by taking direct 
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and leversed observatioiiB, which in this instance is of opposite effect 
in a. m. and p. m. hours and apparently eliminated in the mean 
result. 

128. One additional fact should be noted relative to the several 
leductions of the above equal altitude observations: 

By above direct computation, ^ p. m. =66° 0(K W 

^ a. m. ==65** 63^ 02^' 



Difference =2(Lla = V W^ 



This value for dAh (3^53^^) agrees with same function as first 
computed. 

124. Upon concluding the subject of azimuth determinations it 
will be of interest to note that the weighted mean of a large number 
of observations gives a value of S. 0° 59^ 25^^ W. for the azimuth of 
the line from the Washington, D. C, transit point to the flag pole here- 
tofore described. A comparison of the methods and results of the va- 
rious observations as given on the preceding pages suggests that the 
surveyor should seldom be without means by which accurately to 
determine time, latitude and azimuth at any place in the field, 
however remote, JEind should doubt arise as to his results a "check" 
by independent method is nearly always available and a certain 
guide as to the accuracy of the determinations. It might be added 
that a careful surveyor will not fail to surroimd his methods with 
adequate verification to insure the accuracy required in the execution 
of the public-land surveys. 

THE TBUE PARALLEL OV LATITUDE. 

125. The base lines and standard parallels of the rectangular 
system are established on the true parallel of latitude; the random 
latitudinal township boundary lines are also projected on the same 
curve; this curve is defined by a plane at right angles to the earth's 
polar axis cutting the earth's surface on a small circle. At every 
point on the true parallel the curve bears due east and west, the 
direction of the line being at right angles to the meridian at every 
point along the line. Two points at a distance of 20 chains apart on 
the same parallel of latitude may be said to define the direction of 
the curve at either point, without appreciable error, but the projec- 
tion of a line so defined in either direction, easterly or westerly, 
65465*— Id ^9 
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would describe a great circle of the earth gradually departing south- 
erly from the true parallel. The great circle tangent to the parallel 
at any origin or reference point sJong the parallel is known as the 
'* tangent to the parallel, ' ' and it is coincident with the true latitude 
curve only at the point of origin. The rate of the change of the 
azimuth of the tangent is a function of the latitude on the earth's 
surface. The azimuth of the tangent varies directly as the distance 
from the origin, and the offset distance from the tangent to the 
parallel varies as the square of the distance from the point of tan- 
gency. A great circle connecting two distant points on the same 
latitude curve has the same angle with the meridian at both {Mints 
and the azimuth of such a line at the two points of intersection is a 
function of one-half the distance between the points. 

There are three general methods of establishing a true parallel of 
latitude which may be employed independently to arrive at the 
same result: (1) The solar method; (2) the tangent method; and, 
(3) the secant method. 

SOLAR METHOD. 

126. The solar instruments are capable of following the true 
parallel of latitude without substantial offsets. If such an instru- 
ment, in good adjustment, is employed, the true meridian may be 
determined by observation with the solar at each transit point. A 
turn of 90° in either direction then defines the true parallel, and if 
sights are taken not longer than from 20 to 40 chains distant, the line 
so established does not appreciably differ from the theoretical 
parallel of latitude. The locus of the resulting line is a succession 
of points each one at right angles to the true meridian at the pre- 
vious station. However, during a period each day the solar is not 
available, and during this time, aJso whenever the sun may be 
obscured by clouds, or on account of a disturbance of the adjust- 
ments of the solar attachment, and whenever an instrument without 
solar attachment is employed, reference must be made to a transit 
line from which to establish the true latitude curve by one of the 
following methods. 

TANGENT METHOD. 

127* The tangent method of determination of the true latitude 
curve consists in establishing the true meridian at the point of 
beginning, from which a horizontal deflection angle of 90^ is turned 
to the east or west, as may be required, and the projection of the line 
thus determined is called the tangent. The tangent is projected 6 
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miles in a straight line, and as the measurements are completed for 
each comer point, proper offsets are measured north from the tangent 
to the parallel, upon which line the comers are estahlished. 

In '^'able 12, Standard Field Tables, are given the bearing angles 
or azimuths of the tangent to the parallel, referred to the true S. 
point, tabulated for any degree of latitude from 25° to 70** N., for the 
end of each mile from 1 to 6 miles. At the point of b^inning the 
tangent bears east or west, but as the projection of the tangent is 
continued the deviation to the south increases in accordance with 
rules already stated. 

In Table 13, Standard Field Tables, are shown the various offsets 
from the tangent north to the parallel, tabulated for any degree of 
latitude from 25** to 70® N., for each half mile from J to 6 miles. 

The accompanying diagram illustrates the establishment of a 
standard parallel in latitude 45** S4f.6 N., by the tangent method. 
(See Fig. 14 . ) The form of record is shown in the specimen field notes. 

Objection to the use of the tangent method in a timbered counti>' 
is found owing to the requirement that all blazing is to be made on 
the true surveyed lines. Also, all measurements to items of topog- 
raphy entered in the field notes are to be referred to the true estab- 
lished lines. These objections to the tangent method, on accoimt of 
the increasing distance from the tangent to the parallel, are largely 
removed in the secant method. 

SECANT METHOD. 

128. The designated secant is a great circle which <nit8 any true 
parallel of latitude at the first and fifth mile comens, and is tangent to 
an imaginary latitude curve at the third mile point. From the 
point of beginning to the third mile com^ the secant has a north- 
easterly or northwesterly bearing; at the third mile comer the secant 
bears east or west; and from the third to the sixth mile comerB the 
secant has a southeasterly or southwesterly bearing, respectively, 
depending upon the direction of projecticm, east or west. From the 
point of beginning to the first mile corner and from the fifth to the 
sixth mile comers the secant lies south of the tme parallel, and from 
the first to the fifth mile comers the secant lies north of the true 
parallel. It will thus be seen that the secant method is a mere 
modification of the tangent method, so arranged that the Tninim nm 
offsets can be made from the projected transit line to the established 
true parallel of latitude. 
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The secant method of determination of 4Jie true latitude curve con- 
sists in establishing the true meridian at a point south of the begin- 
ning comer a measured distance taken from the table, from which 
meridian the proper horizontal deflection angle, as taken frcm the 
table, is turned to the northeast or northwest to define the secant. 
The secant is projected 6 miles in a straight line, and as the measure- 
ments are completed for each comer point, proper ofbets are meas- 
ured, north or south, from the secant to the parallel, upon which 
parallel the comers are established. 

In Table 14, Standard Field Tables, are given the bearing angles or 
azimuths of the secant, referred to the true N. point for the first 3 
miles, and the same symmetrical bearing angles' or azimuths referred 
to the true S. point for the last 3 miles, tabulated for any degree of 
latitude from 25^ to 70^ N., for the end of each mile from to 6 
miles. 

In Table 15, Standard Field Tables, are shown the various o^ets 
from the secant to the parallel, tabulated for any degree of latitude 
from 25^ to 70*" N.^ for each half mile from to 6 miles. 

The accompanying diagram illustrates the establishment of a 
standard parallel in latitiide 45^ 34^5 N. by the secant method. 
(See Fig. 15.) The form of record is shown in the specimen field notes. 

The secant method is recommended for its simplicity of execution 
and proximity to the true latitude curve, as all measurements and 
cutting by this method are substantially on the true parallel. 

CONYEBGENCT OF MERIDIANS. 

129. The Unear amount of the convergency of two meridians is a 
function of their distance apart, of the length of the meridian between 
two reference parallels, of the latitude, and of the spheroidal form 
of the earth's surface. 

The following equation is convenient for the analytical compu- 
tation of the linear amount of the convergency on the parallel, of 
two meridians any distance apart, and any lengtb. The correction 
for convergency in any closed figure is proportional to the area, and 
may be computed from an equivalent rectangular area: 
* * mx " : Measurement along the parallel. 
" 7?!^ " : Measurement along the meridian . 
''a": Equatorial radius of the earth«3%3.3 miles, 
"c": Factor of eccentricity, log e=8.915 2516. 
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*^dn\": linear amount of the convergency on the parallel, of two 
meridiana distance apart *^mx/' and length ''m^" along 
the meridian: "dmx", *'mx", "m^" and "a" to be 
expressed in the same linear unit: 

Example of computation of the convergency of two meridians 24 
miles long and 24 miles axHurt in a mean latitude of 43^ 2(/: 
natl « 1.0000000 

log e »8. 915 2515 

" " «8. 915 2515 

" sin 43^ 20^ «=9. 836 477 



tt H 11 It 



«9. 836 477 



" e^ 8in2 it> =7. 503 457 
nat*^ '* ** = 0.0031875 



(< 



(l-e«8inV)= 0.9968125 

log ** " " 9. 998 614 



« Yl-^ sin^ ^ «r9. 999 307 
" tan 43« 20^ «9. 974 720 
" 24 «1. 380 211 

" " «1. 380 211 

" 80* «L 903 090 



"product =4.637 539 

"3963.3 =3.598 057 



" dmx =^1.039 482 

nat " 10.9517 chs. 



The convergency, measured on the parallel, of two meridians 24 
miles apart and 24 miles long, in a mean latitude of 43^ 20^, is there- 
fore found to be 10.95 chains. The conveigency of the east and west 
boundaries of a regular, township in the same latitude would be 
equal to one-sixteenth of the convergency of the east and west 
boundaries of the quadrangle as computed above, or 68.44 links, 
which agrees with the value taken from Table 11 of the Standard 
Field Tables. 

*"niis factor is introduced here for the purpose of conyersion from the unit ex- 
pressed in miles to the unit expressed in chains. 
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180. In Table 11, Standard Field Tables, are tabulated the linear 
amounts of the convergency of meridians, 6 miles long and 6 miles 
apart, for each degree of latitude from 25^ to 70^ N., together with 
the angle of convergency of the same meridians. These amounts of 
linear convergency are at once the proper conedaons to apply to 
the north boundary of a regular township in the computation of the 
closing error around a township, or other computation by which a 
theoretical length of a north or south boundary of a township is com* 
pared with the length of the opposite boundary; the tabulated linear 
amounts of convergency are equal to double the amounts of the ofbets 
from a tangent to the parallel at 6 miles for the same latitudes. 
Simple interpolation may be made for an/ intennediate latitude, 
and the amount of the convergency for a fractional township or other 
figure may be taken in proportion to the tabulated convergency as 
the fractional area is to 36 square miles. 

The tabulated angle of convergency r ep r e s e nts at once the devia- 
tion in azimuth of the tangent from ^e parallel at 6 miles; and }i^ 
Ht Hf Hf <^cl V« of the tabulated angles of convetgency represent 
at once the amounts of the correction in the bearing of meridional 
section lines to compensate for convergency within a township. 

In the same table are given the differences of longitude for 6 ndles 
in both ftfignlftT and time measure, also the differences of latitude, 
for 1 or 6 miles, in angular measure, in the various tabulated latitudes. 

181* In the plan of subdivision of townships the meridional section 
lines are established parallel to the east boundaiy or other governing 
line; this necessitates a slight correction on account of the angular 
convergency of meridians. Meridional section lines west of the 
governing line are deflected to the left of the bearing of the governing 
line the amount shown in the second part of Table 2, Standard Field 
Tables, which is entered under two arguments: (1) Latitude, and (2) 
distance from the governing line. Meridional sectkm lines east of a 
governing boundary are given the same amount of correction iat 
bearing, but the deflection is made to the right. 

LENGTHS OF ABCS OF THE EARTH'S SURFACE. 

182. All computations involviog a difference of latitude lor a 
given measurement along a meridian or the converse calculation, or 
other computations involving a difference of longitude for a given 
measurement along a parallel or a similar converse calculation, are 
readily accomplished by the use of the values given in Table 16, 
Standard Field Tables; this table gives the lengths in miles and 
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decimal part of a mile of one degree of longitude measured on the 
parallel, and the lengths in miles of one degree of latitude measured 
on the meridian, for any latitude from 25^ to 70° N. 

The. above tabulated values may be reduced to miles and chains, 
or to chains or feet, as convenient. In taking out lengths of degrees 
of longitude measured on the parallel an exact linear interpolation 
may be made, and in taking out lengths of d^;rees of latitude meas- 
ured on the meiidian the value should be tc^en out for the mean 
position in latitude of that portion of the meridian whose length it 
is desired to compute. 

188. The finrf; part of Table 2, Standard Field Tables, has been 
arranged for the reference of the latitude of any point within a town- 
ship to the south boundary, the only argument being the miles and 
chainfl dieitant from the south boundary. Thus with the use of this 
table all observations for latitude within a township may be reduced 
to the south boundary; and conversely, given the latitude of the 
south boundary of a township, the latitude of any station within the 
township may readily be obtained by applying the difference given 
in the table for the known distance north. 
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CHAPTER m. 

SYSTEM OF RECTANGULAR SURVEYS. 

GENERAL SCHEME. 

134. In the preceding chapters there has been outlined the syB- 
tem of nomenclature and procedure relating, in general terms, to the 
survey of the public doixialn. It is confidently assimied that the 
United States surveyor has become impressed with the purpose of 
his task and the stability and dignity which should be attached to a 
work so great and important, commensurate with its broad founda- 
tion in law and science. 

For the purpose of disposal of the public domain the law provides, 
in general terms, for its description, subdivision and identification 
in conformity with the following general scheme: 

Ist. The township, 6 miles square, containing 36 sections, each 1 
mile square. , 

2d. The numbering of the townships meridionally into a range and 
latitudinally into a tier, from which the necessity at once appears 
for the selection of independent initial points, each to serve as an 
origin for the extension of surveys synchronously needed in somewhat 
widely separated localities, to provide for which, principal or gov- 
erning meridians and base lines have been established, to which 
might be related the surveys executed in each of such localities. 

3d. The establishment of guide meridians and correction lines or 
standard parallels at intervals sufficiently near each other to main- 
tain a practical workable adherence to the legal definition of the 
primary unit, the township 6 miles square, and at the same time to 
reduce to a minimum the number of comers required. 

4th. The placing of fractional sections on the north and west bound- 
aries of the township. 

5th. The subdivision of the townships into 36 sections by running 
parallel lines through the township from south to north and from 
east to west at distances of 1 seole, 

6th. The inflexible declaration of the integrity of the comers marked 
in the public surveys as the proper legal comers of the sections 
or of the subdivisions of the sections which they were intended to 

131 
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deeignate, together with the equally important proviflions (a) that 
the boundary lines actually run and marked shall be and remain 
the proper boundary lines of the sections or subdivisions for which 
they were intended; (&) that the length of such lines as returned 
by the surveyors shall be held as the true length thereof; and (c) 
that the sections shall be subdivided by running straight lines 
from the established quarter-section comers to the opposite estab- 
lished quarternsection comers. 

185. The townships wUl be numbered to the nortli or south com- 
mencing with number 1 at the base line, and with range numbers to 
the east or west beginning with number 1 at the principal meridian. 

The 36 sections into which a township is subdivided are numbered 
commencing with number 1 in the northeast section of the township, 
proceeding thence west to section 6, thence south to section 7, thence 
east to section 12, and so on, alternately, to number 36 in the south- 
east section. In the case of fractional townships, the sections will 
bear the same numbers they would have had if the townships were 
full, that IB to say the section numbers should be employed which 
are the proper section numbers relating to the sides which are the 
governing boundaries, leaving any deficiency to fall on the opposite 
sides. 

136. The specimen field notes will serve to illustrate the method 
of running lines to form quadrangles 24 miles square; the method 
of running the exterior lines of townships; and the method of sub- 
dividing regular townships. The methods here presented are 
designed to insure a full compliance with every practicable require- 
ment, meaning and intent of the surveying laws. 

187. By the terms of the original law and by general practice 
section lines are surveyed from south to north and from east to west, 
in order uniformly to place excess or deficiency of measurement on 
the north and west sides of the townships. For convenience the 
exterior lines on which subdivisions are based are called the govern- 
ing boundaries. In unusual cases the north and west boundaries 
may be employed to govern the subdivision of a township, and in 
extreme cases an irr^ular township may be without even a single 
governing boundary. 

INITIAL POINTS. 

188. Initial points from which the lines of the public surveys are 
to be extended will be established whenever necessary, under such 
special instructions as may be prescribed in each case by the Com- 
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miaeioner of the General Land Office. The initial points are to be 
selected with a view to their control of extensive agricultural areas 
within reasonable geographical limitations. Upon the establieh- 
ment of an initial point, the xx>sition of the.point in latitude and longi- 
tude is to be determined by accurate field astronomical methods. 

During the period since the organization of the system of rectan- 
gular surveys numbered and locally named principal meridians and 
base lines have been established as shown by the accompanying 
tabular exhibit. These bases and meridians may be found by 
examining the large wall map of the United States published by the 
General Land Office; they are also shown upon the various official 
State mapS; and upon a special map entitled ' ' United States, Showing 
Principal Meridians, Base Lines and Areas Governed Thereby." 

139. The latitudes and longitudes given in the following table are 
based upon the best obtainable information, but in some cases the 
values diown are only approximately correct owing to the fact that 
many of the initial points were fixed in position and the surveys 
therefrom largely completed before the same importance was at- 
tached to the matter of accurate latitudes and longitudes as at the 
present time. It may also be noted, by way of explanation, that 
present-day facilities for accurate field astronomical determinations 
were not available to the early surveyors. It is not expected that 
the values of the latitudes given in the table will be used as the 
basis of the calculation of the latitude of an unknown station, in lieu 
of a field determination thereof, except as an approximate value 
may satisfy all requirements. The coordinates of the earliest sur- 
veys in Ohio can not be conveniently tabulated, but they are shown 
upon the maps as stated above. 

PRINCIPAL MERIDIAN. 

140. This line shall conform to the true meridian and will be 
extended from the initial moniunent, either north or south, or in 
both directions, as the conditions may require; r^ular quarter- 
section and section comers will be established alternately at inter- 
vals of 40" chains, and regular township comers at intervals of 480 
chains; meander comers will be established at the intersection of 
the line with all meanderable bodies of water. 

141. In the survey of the principal meridian and the other 
standard lines (base lines, standard parallels and guide meridians), 
hereinafter described, two independent sets of measurements will 
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BfESmiANS AND BASE LINES OF THE UNITED STATES RECTANGVIAB 

SURVEYS. 



Meridians. 



Black Hills.... 

Boise 

Chickasaw 

Choctaw 

dmarron 

Copper River.. 

Fairbanks 

Fifth Principal 



First Principal 

Fourth Principal 

Do 

Gila and Salt River . . . 

Humboldt 

Huntsville 

Indian 

Louisiana 

Michigan 

Mount Diablo 

Navajo .' 

New Mexico Principal. 

Principal 

Salt Lake 

San Bernardino 

Second Principal 

Seward 

Sixth Principal 



St. Helena 

St. Stephens 

Tallahassee 

Third Principal. 

Uintah 

Ute 

Washington..... 

Willamette 

Wind River 



Governing survevs (wholly or 
in part) in States of— 



South Dakota. 

Idaho 

Mississippi 

do 

Oklahoma 

Alaska : . , 

Alaska 

Arkansas, Iowa, Mhmesota, 
Missouri, North Dakota, 
and South Dakota. 

Ohio 

Illinois 

Minnesotaand Wisconsin 

Arizona , 

California 

Alabama 

Oklahoma 

Louisiana 

Michigan 

California and Nevada 

Arisona and New Mexico 

Colorado and New Mexico. . . . 

Montana 

Utah 

California 

Illinois and Indiana 

Alaska 

Colorado, Kansas, Nebraska, 
South Dakota, and Wyo- 
ming. 

Louisiana 

Alabama and Mississippi 

Florida 

lUinois 

Utah 

Colorado 

Mississippi 

Oregon and Washington 

Wyoming 



Longitude 

of principal 

meridians 

west from 

Greenwich. 



9 t It 

104 03 00 

116 24 15 

89 15 00 

90 14 45 
103 00 00 
145 18 42 
147 38 33 

91 03 42 



84 48 50 

90 28 45 

90 28 45 

112 17 25 

]24 08 00 

86 34 45 

97 14 30 

92 24 15 

84 22 24 

121 54 48 

108 32 45 

106 53 40 

111 38 60 

111 54 00 

116 56 15 

86 28 00 

149 21 53 

97 23 00 



91 09 15 

88 02 00 
84 16 42 

89 10 15 
109 57 30 
108 33 20 

91 09 15 

122 44 20 

106 48 40 



Latltade 

of base 

lines 

north from 

Equator. 



• in 

44 00 00 

43 22 31 

34 59 00 

31 54 40 

36 30 00 

01 49 11 

64 51 49 

34 44 00 



41 00 00 
40 00 30 

42 30 00 

33 22 40 
40 25 12 
35 00 00 

34 30 00 
31 00 00 
42 26 30 

37 51 30 

35 45 00 
34 15 25 
46 46 48 
40 46 04 
34 07 10 

38 28 20 
60 07 26 
40 00 00 



00 00 

00 00 

30 28 00 

38 28 20 

26 20 

06 40 

00 00 

45 31 00 

43 01 20 



31 
31 



40 
39 
31 
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be employed, unlesB subdiviedoiial closmgs thereon are provided in 
the same assignment with the standard line, in which case the clos- 
ings will fiunish a satisfactory verification of the length of the lines 
thus surveyed. Where such closings are not to be made during the 
progress of the same survey, the proper supervising officer will pro- 
vide suitable instructions for the employment of a second set of 
chainmen, or for the duplication of the measurement by the one set 
of rhainmen. In either case, where two independent sets of measure- 
ments are employed, the distance to the mean point, and the differ- 
ence between the measurements to each comer established, will be 
shown in the field notes; a form of record is given in the specimen 
field notes. 

142. Should the difference between the two sets of measurements 
of any standard line, as above provided, exceed 20 links per 80 chains, 
it is required that the line be remeasured to reduce the difference, 
the final measurement of the line only to be shown in the field notes. 
Should the successive independent tests of the ahnement of any 
standard line, or the average tests of the solar attachment employed 
in the projection thereof, indicate that the line has deflected from 
the true cardinal course to exceed 3"^ 00^"", the necessary corrections 
will be made to reduce the deviation in azimuth, the field notes of 
the true line only being shown. Every reasonable effort will be 
exercised to insure the acciuucy of both the alinement and the meas- 
urement of the standard lines, and the stated discrepancies are the 
Pfiftyi^^^Tn that will be allowed in new surveys; corrective Btepa will 
be reqiured where the differences are beyond the maximum. 

BASE UNR. 

148. From the initial monument the base line will be extended 
east and wast on a true parallel of latitude; uxx)n the true line stand- 
ard quarter-eection and section comers will be established alter- 
nately at intervals of 40 chains, and standard township comers at 
intervals of 480 chains; meander comers will be established at the 
intersection of the line with all meanderable bodies of water. 

The manner of ni<^lriTig the measurement of the base line and the 
accuracy of both the alinement and measurement will be the same 
as required in the survey of the principal meridian. Any one of the 
methods heretofore set forth for the determination of the alinement 
of the tme latitude curve may be used as existing conditions may 
require and the detailed process will be fully stated in the field notes. 
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STANDARD PARALLELS. 

144. Standard parallels, which are also called correction lines^ 
are extended east and west from the principal meridian, at intervals 
of 24 miles north and south of the base line, in the manner prescribed 
for the survey of the base line. 

Fiq.16. 
^1 






L. 



First 



R.4W. 



Standard 



R.3W. 



3 '- 
O 



C 



R.2W. 



C 
« 



L. 
O 



•R.IW. 



Base 






I. 

0. 



Parvlial 

T4N. 



T.3N. 



T.2N. 



T.IN. 
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niustrating the survey of quadrangles each embradng 16 townships bounded 
by standard lines, and showing the oodrdinate system of numbering the townships 

• 

145. Where standard parallels have been placed at intervals 
of 30 or 36 miles, imder practice then permissible^ and present con* 
ditions require additional standard lines from which to initiate new, 
or upon which to close the extension of old surveys, an intennediate 
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correc ti on line afaoiild be established to which a local name may be 
given, e. g., ^'Filth Auxiliary Standard Parallel North," or ''Cedar 
Creek Correction line, ' ' etc. , and the same will be run, in all respects^ 
like a regular standazd paiall^. 



146. Guide meridians are extended, north from the base line, 
or standard parallels, at intervals of 24 miles east and west from 
the principal meridian, in the manner prescribed for ronning the 
principal meridian. ITnder all conditions the guide meridians 
will be terminated at the x>oints of their intemections with the stand- 
ard parallels; the guide meridian is to be projected on the true meri- 
dian and the iractionai measurement is to be placed in the last haH 
nule. At the true point of intersection of the guide meridian with 
the standard parallel a closing township comer is to be established; 
the parallel will be retraced between the first standard comers east 
and west of the point for the closing comer, in order to determine 
the exact alinement of the line closed upon, and the distance will 
be measured and recorded to the nearest comer on said standard 
parallel. 

147. When existing conditions require that such guide meridians 
shall be run south from the base or correction lines, they will be ini- 
tiated at the theoretical point for the closing comer of the guide 
meridian, which will be calculated on the basis of the survey of the 
line from south to north initiated at the proper standard township 
comer. At the tiieoretical point of intersection a closing township 
comer will be established. 

148. Where guide meridians have been placed at intervals ex- 
ceeding the distance of 24 miles j and new governing lines are re- 
quired in order to limit the errors of the old or to contrbl new sur- 
veys, a new guide meridian will be established, and a local name 
may be assigned to the same, e. g., "Twelfth Auxiliary Guide Merid* 
ian We8t,"or "Giaas Valley Guide Meridian," etc. These auxiliary 
guide meridians will be surveyed in all respects like regular guide 
meridians. 

149. Tte above scheme covers the controlling lines contemplated 
under the rectangular system^ and results regularly in the slirvey of 
quadrangles bounded on the north and south by trae parallels of 
latitude, and on the east and west by tme meridians, 24 miles apart. 
One exception may now be noted which will be found to depart 

55465*— 19 10 
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from fonner pfactice, that is, where % guide meridian is cafxied 
forward at a time when uncertainty exists as to how the exterior and 
suhdivifiional surveys to the east may close upon it, the comers upon 
the same will be marked only for the surveys to the west. 



SEOTTULR onnSR. 

. 150. The controlling factors to be recognized in the establishment 
of new township boundary lines are found in the relation of these 
lines to the new subdivisional surveys which are to be executed. 
The south and east boundaries are normally the governing lines of 
the subdivisional surveys. Defective conditions which may be 
found in previously established exteriors can not be elinoinated 
where subdivisional lines have been initiated from or closed upon 
an old boimdary, but the errors of the former surveys are not to be 
incorporated into the new, and where the previously established 
south and east boundaries can not on that account be used to govern 
the subdivision of the adjoining township, other controlling lines 
known as the sectional correction line and the sectional guide 
meridiaui hereinafter described, will be employed as expedient. A 
new meridional township exterior is normally the governing bound- 
ary of the township to the west, and a new latitudinal township 
exterior is normally the governing boundary of the township to the 
north; any new boundary should therefore be established with full 
consideration for its control upon the subdivisional surveys there- 
after to be executed. 

. 16 1. Whenever practicable the township exteriors will be sur- 
veyed successively through a quadrangle in ranges of townships, 
beginning with the townships on the south. The meridional bound- 
aries of the townships will have precedence in the order of survey 
and will be run from south to north on true meridians; quarter- 
section and section comers will be established altemately at intervals 
of 40 chains, and meander comers at the intersection of the line with 
all meanderable bodies of water; a temporary township comer will 
be set at a distance of 480 chaiofl, pendii^ a determination of the 
controlling factor upon which its final position will be governed, 
whereupon the temporary point will be replaced by a permanent 
comer in proper latitudinal position. The latitudinal township 
boundary will be run first as a random line, setting temporary 
comers, on a cardinal course, from the old toward the new meridional 
''laiy, and corrected back on a tme line if ideal conditions aie 
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found to obtain. Where both meridional boundaries are new lines 
or where both have been pre\douBly establiahed, the nmdom lati- 
tudinal boundary will be run ircsn east to west. In either case, if 
defective conditions are not encountered, the random line will be 
corrected back on a true line, upon which will be established regu- 
lar quarternsection and section comers at intervals of 40 chains, 
alternately, counting from the east, and meander comers at the 
intersection of the five linQ with all meanderable bodies of water. 
The bearing of the tme line will be calculated on the basis of the 
falling of the random, and the fractional tneasurement will be placed 
in the west half mile. A meridional township exterior will be 
terminated at the point of its intersection with a standaord parallel, 
pladng the excess or deficiency in measurement in the northern- 
most half mile. At the point of intersection of the meridional 
boundary with a standard parallel a closing township comer will be 
established; the parallel will be retraced between i&e first standard 
comers east and west of the point for the cloedng comer, in order to 
determihe the exact alinement of the line closed upon, and the 
distance will be measured and r^orded to the nearest comer on said 
standard pjWcaUel. _ .. „ ..lI.. 

152. In order to complete the exteriors of a township it will often 
remain to estal^lish a meridional boundary between previously estab- 
lishes township corners J such boundaries mQ be' run from south to 
north on random lines, with temporary coiners set at intervals of 
40 chains, and, if defective conditions are not enc6u|itered, the 
random will be corrected to a true line; by this plan the excess or 
deficiency of measurement will be placed in the north half mile, as 
required by law, and double sets of comers will be avoided where 
unneceasary. 

153« The temporary ^ints on any random exterior will be re- 
placed by permanent comers, in proper position^ when the final tme 
line adjustments for the latter have been fuljy deteimined; the 
true Hne will be properly blazed throuigh timber, and distances to 
important items of topography will be adjusted to correct true 
line measurements. 

154. The field notes will embrace a full and complete record of 
the manner in which the township exteriors are run and established. 
The notes will show how the alinement of the random latitudinal 
curve was determined, the direction of the projection, the amount 
of the falling Aorth or south df the objective township comer, and the 
calculated return course or true line. 



SY8TBAI 0^ RECTAKQUIiAR ST7SVBT8. 143 

IRBBQULAB OBDBR AND PARTIAL SUBVETS. 

155. Ab the remadiiiiig unsurveyed public lands are found to con- 
tain lees and leas extensive areas snrveyable under the law it becomes 
necessary to depart from the ideal procedure in order more directly 
to reach the areas authorized for survey. The many possible com- 
binations are entirely too numerous to state in detail, but where an 
irreg^ular order appeitfs to be necessary such departure from the 
ideal order of survey will be specificaUy outlined in the written 
special instructions. Such departure should always be based on the 
principle of accomplishing, by whatever plan, the same relation of 
one township boundary to another as would have resulted from 
reguHBur establishment imder ideal conditions. 

In authorizing surveys to be executed it will not usually be pro- 
vided that exteriors are to be carried fonvlard imtil the township is 
to be subdivided ; thus where causes operate to prevent the establish- 
ment of the boundaries in full it is not imperative that the survey of 
the exterior lines be completed; under such conditions it may be 
found necessary to run section lines as offsets to township exteriors 
and such section Hnes will be run either on cardinal courses or 
parallel to the governing boundltries of such townships, or even 
established when subdividing, as existing conditions may require. 

OEKBRAI# BXCBFTIONS. 

156. The above rules accord with former practice, except that in 
obtain instances the random latitudinal boundaries will be ran 
from west to east, instead of invariably from east to west, as here- 
tofore required. It is also deemed advisable to incorporate other 
exceptions which will lessen the difficulties of subdivisional surveys 
frequently experienced in the past. 

It is especially desirable that the alinement of a new latitudinal 
boundary (which becomes the governing south boundary of the 
township to the north) shall not depart more than 14^ from the true 
cardinal course; therefore the randem line, run upon the cardinal 
course, may be made the true line where the falling would require 
a correction exceeding 14^ of arc. Where the random latitudinal 
boundary thus closes on a new meridional exterior the temjwrary 
township comer may be adjusted to the latitude of the opposite 
township corner; but where both meridional boundaries have been 
previously surveyed a closing township comer will be established 
at the point of intersection of the random latitudinal line with the 
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mendional bonnduy, or its projectioii to the north or south as the 
case may be. Likewise, where a meridional boundary is run as a 
random, the random will be made the true line if the adjustment for 
falling plus the usual correction to secure jMtrallelism of the meridi- 
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Latitude 70*N. 

IDustiating the a^Jbstaisiit in the dliectian of the meridJonal lines of a sabdivi- 
sional surver on aooQuiit of oo a v e tgBaey of mteidlana, alao the 14^ Ibnit of ths 

zectangular "safety zone.'^ 

onal subdivisional lines (on account of conveigency of meridians) 
would result in calculated bearings (in the northernmost miles of 
the latter lines) in excess of W from cardinal. This mai^gin for the 
alinement of the random and true meridional lines of the subdivi- 
aional survey calls for a governing east boimdary whose bearing will 
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tell ifitiiin certain extremes eoited to the bdatude ol the towndiip, 
aa lor example (see second part of Table 2, Standaxd Field Ubles): 

Latitude 25"* N, 

Ist Mi. Mer. Subdv. X. 0*» W E. oth Mi. Mer. Subdv. N. 0*> 14' W. 
Corr. for Conv. +00 Corr. for Conv. —02 



E. bdy. maybe N. O"* 14" E. E. bdy. may be N. 0° 12^ W. 

Latitude 70* ^. 

Ist Mi. Mar. Subdv. N. 0** 14' E. 5th Mi. Mer. Subdv. N. 0*^ 14' W. 
Corr. for Conv. +02 Corr. for Conv. —10 



E. bdy. may be N. OM ft^ E. E. bdy. jnay be N . 0** 04' W. 

It will be noted that the above text in reference to the 14' limit for 
exterioTB applies only to- the establishmrait of new boundaries. 
A pBSvioiisly established boundary every part ol which is within 21' 
of cardtmd wttt not be considered defective in aluiement . ' Even in 
the case of new exteriors, where the surveyor who establishes such 
line is also to subdivide the township of which such exterior is a 
governing boundary, the margin of 14' may be exceeded to a limited 
extent if the surveyor is satisfied that exjlsting conditions favor keep- 
ing within the 21' limit in the subdivisional survey. Thus it will be 
seen that the purpose of the 14' limit is meiely to facilitate the estab- 
lishment of all BubdivislcHial lines within the prescribed definite 
limit of 21' from cardinal. 

157. Another general exception may be noted where uncertainty 
exists as to how unsurveyed exteriors and subdivisional lines will 
close upon the newly established boundaries, in which case the cor- 
ners thereon may be marked only for the townehijys of which the 
new exteriors control the subdivisions. 

COMPLETION OP PABTlALIiY SURVEYED EXTERIQBS. 

. 168» Where the end portions, of a town^p exterior have been 
pieviously surveyed and closed upon, the fraettOBal unsurveyed 
middle part will be completed by random aad true line, witl^out 
offset regardless of the deviation from cardinal; the fractional meas- 
urements will be placed as a general rule in the n/^rth and west 
half miles, thereby permitting the subdivisional lines to be extended 
as usual from the south to the north and from the east to the west. 
In the case of a fractional part of an exterior remaining unsurveyed 
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at either end of the line, the boundary will be completed by random 
liney initiated at the pi^evloualy eatablished tenninal monument, 
which will be projected on a cardinal conree in the direction ol the 
objective township confer. The random will be corrected to a 
true line where thie calculated beajing of any subdivlaional line, 
goveraed by such exterior, eoeaes vritliin W from cardinal, and ihe 
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fractional measitremetit will beplteed generally in the north or 
weert lialt miles. However, should irregularity be developed, ot 
in liie absence of a previously established objective townflhip comer, 
the partially surveyed exteriors will be completed on cardinal 
courses begizming as above; and in either case the fractional rneas^ 
ureitients will generally be placed in the north and west half mites. 
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. RETBACEHBKTS BEI'OBE SUBDIVIDING. 

169. I£ any part or all of the boundaries of a towiiBhip which 
is to be subdivided have been previously surveyed, and the proper 
su]>erviBing officer has reason to question the accuracy of any p(»iion 
of such exteriors, or the condition of the comer BMmuments thereon, 
the fact wiU be stated in the written special instructiaDB, and the 
surveyor will be authorized and required, as a condition precedent 
to beginning the subdivisional survey of such tpwnship, to retrace 
such boundaries in order to determine the true alinement and lengths 
of the lines, to rebuild any comers found to be in a poor condition, 
and otherwise to accomplish the following purpoees: 

(a) To locate all material errors, (6) to test every line as to what 
alterations may be required, and (c) to determine all data necessary 
for the computation of the areas of all fractional lots. 

160* All data obtained in the retracements will be embodied in 
the field notes and shown upon the plat of the survey, unless the 
retcacement results are in substantial agreement with the record ol 
the original survey, in which case a general statement to that effect 
may be made in tiie field notes, and the original record may be pef> 
mitted to govern the data to be placed upon the plat. 

bbctaKoulab limits. / 

161. Before approaching the subject of ' ' subdivision of townships " 
it is necessary to consider the requirement of law relative to rectan- 
gular surveys, wherein the square mile, or section, is the unit of 
subdivision. The normal township will include 36 sections in all, 
25 of which are returned as containing 640 acres each; 10 sections (on 
the north and west boundaries) each contain regular aliquot parts 
totaling 480 acres with 4 additional fractional lots in each section, 
each lot containing 40 acres plus or minus definite differences to be 
determined in liie survey; and, section 6 cont ai n in g regular i^uot 
parts totaling 360 acres with 7 additional fractional lots each con- 
taining 40 acres plus or minus certain definite differences to be 
determined in the survey, all as contemplated by law. The afoie* 
mentioned aliquot parts of 640 acres may be teptmed ^'regular or legal 
subdivisions of a section, " as a quarter section, a half-quarter section, 
or a quarter-quarter section, the legal mimmum of which^ for purposes 
of disposal under the general land laws, is 40 acres. 

162. In the administration of the surveying laws it has been 
necessary to establish a definite relation between rectangularity 
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(square miles of 640 acres, or aliquot parts thereof), as contemplated 
by law, and the resulting unit of sulxiivision consequent upon the 
practical application of surveying theory to the TparlriTig out of 
the lines on the earth's surface, wherein the ideal section is 
allowed to give way to one which may be termed * 'regular.*' Such 
relation, as applied to the boundaries of a section, has been placed 
at the following limits: 

(a) For aHnement, not to exceed 2V from cardinal in any part; 
(6) for measurement, the -distance between regular camocB to be 
normal according to the pian of survey, with certam allowable 
adjustments not to exceed 25 links in 40 chains; and (c) fer closure, 
not to exceed 50 links in either latitude or departure. 

Township exteriors, or portions thereof, will be considered de- 
fective when they do not qualify within fhe above limits. It is also 
necessary, in order to subdivide a township, regularly^ to consider a 
fourth limit, as follows: 

(d) For position, the correq[)onding section comers upon the op- 
posite boundaries of the township to be so locaited that ibay may be 
connected by true lines whidi will not deviate moDe liiaa 21^ from 
cardinal. 

A previously established exterior will £kot be considered de- 
fective if the above limits are satisfied, and a eohdlvidonal survey 
may proceed in safety if the rectangular limits (in such subdivisional 
survey) are not exceeded. On the other hand, if the conditions 
relating to the previously established governing boundaries are such 
that the rectangular limits have already been exceeded or that the 
danger pbint is likely to be reached at an early stage in the subdi- 
visional survey, the necessary corrective steps wiU be tEiken before 
subdividing, as hereinafter described. 

EECTIFICATION OF DEFECTIVE EXTERIORS BEFORE SUBDIVIDING ANI> 
METHOD OF SSTABLISHIKG ^K^SW GOVEBKIN6 BOUNDASISS WHSRB 
THE PaBVIOUStY SURVEYED EXTERIOR6 ABB K>UND TO BB DK- 
FECTTVE. 

163. Where subdivisional lines have been Jnitialted from or closed 
upon an exterior prior to the subdivision of one of the adjoining 
townships, its alinement can not legally be changed. A defective 
boundary not so closed upon may be obliterated, after connectrog 
the old with the new monuments, whereupon a new boundary will 
be projected in accordance with regular methods. If a legal claim 
of any character such as mineral, forest-homestead, smaU-fablding, 
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railroad or canal right-of-way, reservoir site, etc., has been connected 
with any comer on an exterior which may be subject to rectification, 
the fact will be specifically stated in the written special instructioQf>, 
and in case such exterior is found to be defective the surveyor will 
accurately connect the old comer by course and distance with the 
new monument. Such old comers will not be destroyed, but the 
letters ^*W P" (signifying "witness point") will be distinctly added 
to the original markings. A complete record of the connection from 
the new to the old monument, a description of the latter and its 
accessories, and the new markings, will be included in the field 
notes, and the position of the old moniunent will be shown on the 
plat of the survey. 

164. If a boundary is defective in measurement or positumand is 
not subject to rectification, the location of the original comeis will 
not be changed, but the marks thereon, and the marks upon or 
position of the accessories, may be appropriately altered to stand 
only for the sections of the previously established surveys. New 
confers to control the surveys of the adjoining township may then 
be established on the old line, but at regular distances of 40 and 80 
chains. Where, new comers are placed on an oblique exterior (one 
whose bearing departs more than 1^ from cardinal) the same will be 
so located for measmrement that the pblique distance multiplied 
by the ooeine or sine of the bearing angle, as the case may be, will 
result in cardinal equivalents of 40 and 80 chains. 

165. Whei^ subdivisional lines have been initiated from or 
closed u|K)n one side of a portion of a township boundary prior to 
the subdivision of the toi;niship on the opposite side, while upon 
the remaining portion of the same such conditions do not interfere, 
said remaining portion may be obliterated, if found defective, 
whereupon a new line will be projected in accordance with regular 
methods^ 

166.. The position of the new exteriors, or of new comers on 
defective township boundaries must be established by an actual 
rerunning of such lines ; the data acquired in surveying snbdivisionfll 
lines closing upon defective exteriors can not be accepted in lieu 
of such retracement or resiurvey. 

167. Instances will occur both in closing subdivisional sorveyB 
upon regular exteriors and in the retracement of defecdve bound- 
aries not subject to rectification where it will be developed that the 
original monuments have become lost or obliterated, or where such 
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comers may be identified in an advanced state of deterioration. All 
such exterior comers will be' reestablished and remonumented in 
their correct oliginiBl positions in stnct accordance wi^' the pro- 
visions ot Chapters IV and V, and a compete record thereof will be 
embodied in the field notes. 

168. The soutt boundary of a township is regularly the govern- 
ing latitudinal boundary and will be used as such unless defective 
in alinement; if defective in measurement, and not subject to rec- 
tification, the position of the original comers wiU not be changed, 
but the inarks thereon and the accessories will be appropriately 
altered to stand only for the sections of the township to the south; 
new comers of two sections and quarter-section comers ccminion to 
the sections of the township to the north wiH be established at reg- 
ular intervals of 40 chains, counting from the east, and the excess 
or deficiency in measureibent placed in the west^ half m^e. If the 
south boundary is defective in alinement, a s^tional correction 
line will be required^ 

169. The east boundary of a township is regularly the governing 
meridional boundary and wfli be used as such unless defective in 
alinement; if defective in measurernent, and riot subject to rectifi- 
cation, the position «^ ike ongmid comeiQwiUra^ot be changed, but 
the marks thereon and the accessories will be appropriately altered 
to stand only for the-sectiona of th& township to the^easi; new cor- 
ners of t\^o sections and quarter-section comers common to the sec- 
tions of tlie tQwnsMp'to ihe ¥^t-^l j»e estal^tii^ed at regular inter- 
vals of 40 chains, counting fr<^m the south. If the east. boundary is 
defective: in alinement a pectiorial guide meridian will be ijequired. 

170. New west and north bouiidaries pf a towni^itp Ijedpme the 
govemijig meridional and latitudinal boundaries of the. t6wnships 
to the wept and north, Respectively, and are required to be properly 
establidied as such. 

171. iNew east and south Jjoundaries of a township become the 
closing meridional and latitudinal boundaries of the townshix>8 to 
the east ^d south, respectively, and where by peoiiUar necessity 
the ideal plan must be modified arid doubt exists as to bow unsur- 
veyed lines may close upon same, the corners thereon may be estab- 
lished common only to the sections o\ the townrfnp of which the 
new lines are the governing boundaries. The comers appropriate 
to the sections upon the opposite side will be duly established as 
closing comers at the time of the survey olf the subdivisional lines 
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of the adjoining townships if the original comers are then found to 
be defective in position, and where regular connections can be 
made the marks upon the original comers will be appropriately 
altered to comers of maximmn control. 









Ifbsfon rondotn,corrtet totfum 
tine nsardless «^/ff j^^^ 
Froc, measurement onfnsr. 



FnfC.measuremmnrf^.wr^^- ^ 

J_ J^ l_ I. JJ^Il • I I ^ , 



I 



\ -1 .'9--: 

-r30-T 

-, I I 



i 






-1— — •reA.'-l- 



1^ 



I 









--^4, 



n---^- - t 



I 
I 

X 
I 
I 



. L» U. i_ Ai. 1. J» 

West to intersection. 



-u. 



I 






■of 
ii-S-18 



%. 



£osf to intersection. \ 
froc. nteos.on West. 1 

I-' 



.*• 



:a 



^ 



v. 



.0 

u 

\ 

•s 






■Ilu-. 

- {-»--» — 



I r I I 



TTT 






I ' I ' ; I I I I ' ' • 



-r---! 



- 4 18-^ 

—I I I 

•■J I I 

-J I r 
J r I 



I — 



I 



.4 



1.JL 









— 1./- 



— |._.f-_JS| 



Js5 






Sttin.Per.aefmctivslftmsosurmmmnt. « 
OHg. cors. ottered to ongte points, 

Fig. 39. 

172. Wliere the previously established north or west bounda- 
ries are fdund to )>e defective in measurement or pooiticni and sub- 
divisional surveys in the adjoining townships have been initiated 
upon the; same, thereby preventing rectification, the marks upon 
the original comers will be appropriately altered to Gomers of two 
sections and quarter-section comers common only to the sections of 
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the town^ps to th« nor^ or west, respectively. Ckning section 
comeiB will be establi^ed when subdividing and the distance meas-^ 
ored to an original comer; new quarter^sectioa comers, ecnnmoii to 
the sections of the township which is being subdivided, will be 
placed on the old line at the mean distances between the closli^ 
section comers, c»r at 40 chains from one direction, depending iix>on 
the plan of the subdivision of the section. Where such previously 
established north and west boundaries are defective in alinement, 
but not in measurement or position, no changes are required, and 
the section lines of the township which is being subdivided will be 
connected r^ularly to the original comers; the resulting fractional 
meafiurements will be placed uniformly in the north and west half 
miles. 

178. The diagrams which accompany the text illustrate the guid- 
izig principles involved in the method of establishing new govern- 
ing boundaries where the previously surveyed exteriors are found 
to be defective. Each diagram illustrates a simple condition affect- 
ing one boundary only, and the examples are taken only from the 
regular order of procedure. Combinations of two or more of the 
simple defective conditions are best solved by an analysis of the 
complex problem into its several parts of simple defective condi- 
tions. The same statement is applicable to the solution of complex 
defective conditions encountered in the establishment of township 
exteriors under an irregular order of procedure. The surveyor will 
be ejcpected to exercise skill and judgment in dealing with similar 
field problems, but where extraordinary conditions are encountered 
which will not admit of analysis and solution in harmony with the 
principles herein set forth he will report the facts to the proper 
sux)ervicdng officer for his counsel. 

TABLBS OF LATrnJOES AND DtlPAKTUEES AND CLOSING ERBOR8. 

174. Upon the completion of the survey of one or more township 
exteriors closing the figure of either a full or fractional township, a 
table of latitudes and departures and closing errors will be prepared, 
wherein due allowance for convergency of meridian will be intro- 
duced. The closing errors will furnish an immediate guide to the 
accuracy of the lines included in the table and, in case the limit of 
closure (^ of the perimeter, in either latitude or departure) is ex- 
ceeded, will serve to show what additional retracements or other 
corrective steps may be necessary ^n order to perfect the survey 
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before leaving the fleld. The table of latitwlee and departui^ea and 
elosmg enoiBf indudiiig every part of any closed figure embradDg 
township exteriors, based upon final field. determination aft^aU 
necessary retracements and final true lines have been completed, 
will be inc(»rporated in the field notes of the survey. The general 
subject of ''limits of closure'' will be amplified hereinafter. 

SUBDIVISION OF TOWNSHIPS. 
BEOUIAB BOtrNDARIBS. 

175. The boundaries of a township will be considered within 
satisfactory governing limits from which to control the subdivisional 
survey when the calculated position of the latter lines may be theo- 
retically projected from said boundaries without invading the danger 
zone in respect to rectangular limits as previously described. The 
danger zone has already been placed at theoretical bearings exceed- 
ing 14'' from cardinal, and the corresponding zone in respect to 
lengths of lines may be placed at theoretical adjustments exceeding 
33 links per mile. 

176. The direction of the east boundary may qualify anywhere 
within the governing limits set forth under the subject of "township 
exteriors," and where this boundary is broken iii alinement, but 
otherwise within the governing limits, its mean course will be 
adopted when considering the control upon the direction of the 
meridional subdivisional lines. 

. 177. The subdivision of a township may proceed in the normal 
order, where the above conditions are satisfied, as follows: 

The meridional section lines will fee initiated at the regularly 
established section comers on the south boundary of the township 
and will be run from south to north parallel to the governing east 
bpundai^, or, in case the east l^oundary is within limits^ but has 
been found by retracement to be imperfect in alinement, the meiid- 
ional section lines will be run parallel t6 the mean course of such east 
boimdary. Regular quarter-section and section comers will be 
established altemately at intervals of 40 chains, as far as the northern- 
most interior section corner. The last miles of the meridional section 
lines will be continued as random lines, each successive line being 
run parallel to the true east boundary of the section to which it 
belongs; a temporary quarter-section comer will be set at 40 chains, 
the distances will be measured to the' points of intersection of the 
Random lines with the north boundary of the tbwnsidp, and the 
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fallmga ol the nadom liaeB east or west of the objective fsection 
cornea will be noted. The randoms will then be corrected to true 
lines by returning to accomplish the required markingB between the 
sectioii coxneis^ including the permanent establishment of the 
qoarter-flectioii corners on the true luies at distances of 40 chains 
from the south, thus placing the fractional measurements in the north 
half miles. The bearings of the true tmes will be calculated on the 
basis ol the falHngs of the randoms (see Table 3, Standard Field 
Tables). Where the north boundary of the townsfaipis a base line or 
standard pandit, &e last miles of the meridional section lines will 
be continued as true lines parallel to the east boundary of the town* 
ship, setting permanent quartepsection comers at 40 chains from 
the south and closing section comers at the points of intersection 
of the several lines with the base or standard or correction line, whei« 
the distances will be measuied to the nearest comeiB on said line. 
The adjustment of the bearing of all meridional section lines on 
account of convergency of meridians has already been explained in 
Chapter II. 

178* The latitudinal section lines, except in the west range of 
sections, will normally be run from west to east on random lines 
parallel to the south boundaries of the respective sections, setting 
temporary quart^iHsectlon comers at 40 chains; the distances will be 
ineastsred to the podnts of intersection of the random lines with the 
north and south lines passing throu^ the objective section comers, 
and the fallings of the random lines north or Sbuth of said comers will 
be noted. Each random will be corrected to a true line by returning 
to accomidiflh the required markings between the section comers, 
including the permanent establishment of quarter-section comers 
at the nM'poinU on the tme lines. The bearings of the tme lines 
will be calculated on the basis of the fallings of the randoms (see 
Table 3, Staddard Field Tables). In thewBst range of sections the 
random latitudinal section lines will be run from east to west, parallel 
to the south boundaries of the respeetive sections, and on the tme 
lines the permanent quarterHBection comers will be estahlished at 
40 chains from the east, thus placing the fractional measurements in 
the west half iniles. 

179. Meander comers will be established at the points of inter- 
section of the several true lines with all meanderable bodies of water. 

180* The meridional section lines will have precedence in the 
ord^ ol executioni,and these will be surveyed successively, begin- 
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ning with the first meridional section line ooimting from the east. 
A meridional section line urill not be continued beyond a eection 
com« until after the connecting latitudinal section line has been 
surveyed, and in the case of the fifth meridional section line, both 
latitudinal section lines connecting east and west will be surveyed 
before continuing with the meridional line beyond a section 
com^. The successive meridional lines may be taken up at the 
convenience ot the surveyor at any time in order as previously 
stated, but none will be earned beyond uncompleted sections to the 
east. The field notes will be compiled in ranges of sections b^^- 
ning with the easternmost, and the west two ranges will be compiled 
by alternating with the adpining east and west sections. The 
specimen field notes exemplify the usual order of survey and the 
prescribed method of arranging the field notes. 

181* Thus, to recapitulate, the subdivisional survey will be com- 
menced at the comer of sections 35 and 36, on the south boundary of 
the township, and the line between sections 35 and 36 will be run 
parallel to the east boimdary of the township, or to the mean course 
thereof, if it is imperfect in alinement, but within limits, establish- 
ing the quarter-section comer at 40 chains, and at 80 chains, the comer 
of sections 25, 26, 35 and 36. From the last-named comer, a random 
line will be run eastward, without blazing, parall^ to the south 
boundary of section 36, to its intersection with the east boundary of 
the township, placing at 40 chains from the point of beginning, a post 
for temporary quarter-section contex. If the random line intcasects 
said township boundary exactly at the comer of sections 25 aad 36, 
it will be blazed back and established as the true line, the permanent 
quarter-section comer being established thereon, midway beftween 
the initial and terminal section comers. If the random intersects 
said township boundary to the north or south of said comer, the 
falling wiU be carefully measured, and from the data thus obtained, 
the true return course will be calculated, and the true line blazed 
and establidied, and the position of the quarter-section comer 
determined, as directed above. The meridional sectioz^ line will 
be continued on the same plan, likewpise the successive latitudinal 
section lines except that each random will be run parallel to the true 
south boundary of the section to which it belongs. After having 
established the west and north boundaries of section. 12, the line 
between sections 1 and 2 will be projected northward, on a random 
line, parallel to the east boimdary of the township, or to its mean 
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course, as the case may be, setting a post for temporary quarter-sec- 
tion comer at 40 dudns, to its intersection with the north boundary 
of the township. If the random intersects said north botmdary 
exactly at the comer of sections 1 and 2, it will be blazed back and 
established as the true line, the quarter-section comer being estab- 
lished permanently in its original temporary position, and the frac- 
tional measurement thrown into that portion of the line between the 
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Fio. 40.— The numbers on the section lines indicate the normal order of sub- 
division and arrangement of the field notes. 

permanent quarter-section comer and the north boundary of the 
township. If, however, said random intersects the north boundary 
of the township, to the east or west of the comer of section^ 1 and 2, 
the falling will be carefully measured, and from the data thufl 
obtained the true return course will be calculated and the true line 
established, the permanent quarter-section comer being placed upon 
the same at 40 cludns from the initial corner of the random line, 
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thereby throwing the fzactioiail .measurement in that portion lying 
between the quarter-section oom^ and the north boundary of the 
township. When the north boundwy of a township is a base line 
or standard parallel, the line between sections I and 2 will be nm 
as a true line parallel to the east boimdary of the township, or to iti 
mean course, as the case may be; the quarter-section comer will be 
placed at 40 chains, and a closmg comer will be established at the 
point of iutersection with such base or atandard.line ; and inBuch case, 
the distance from said closing comer, to the near^t standard comer 
on such base or standard line, will be carefully measured and noted. 
The successive ranges of sections proceeding from east to west will 
be surveyed in the same manner; then after having established the 
west and north boundaries of section 32, a random line will be 
initiated at the comer of sections 29, 30, 31 and 32, which will be 
projected westward parallel to the south boundary of the towxiship, 
setting a temporary quarter-section com^ at 40 chains, to an inter- 
section with the west boundary of the township, where the falling 
will be measured and the bearing of the true line calculated, where- 
upon the line between sections 30 and 31 will be permanently 
marked between the section comers, and the quarter-qection comer 
thereon will be established at 40 chains from the east, thereby placing 
the fractional measurement in the west half mile as reqtdred by law. 
The survey of the west two ranges of sections will be continued on 
the same plan, and the random line between sections 6 and 7 will be 
run westward parallel to the true line between sections 7 and 18; 
the random will be" corrected to a true line and the fractional measure- 
ment placed in the west half mile; finally the random line between 
sections 5 and 6 will be run northward parallel to the true line 
between sections 4 and 5; the random will be corrected to a true line 
and the fractional measurement placed in the north half mile. 

It may well be noted again that the meridional section Hnes are 
surveyed as true lines for 5 miles, i. e., the lines are surveyed 
and permanently monumented in the first instt^ice without later 
adjustment. Every means is placed at the disposal of the surveyor 
by which he is expected to accomplish accurate results, and the 
system of survey provides amply for the adjustment of all reasonable 
closing errors . Thus, a slight error in the alinement of the meridional 
section lines is taken up in the measiu-ement of the latitudinal lines 
which, in order to come within the rectangular limit, must be 
within 50 links of 80 chains in length, except in the west range of 
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sections where the coavergency of the meridional lines is regularly 
provided for; the accumulated error in alinement for the 5 miles of 
true meridional line is taken up in the sixth mile, which is run 
random and true; here the true line must be within 2V of cardinal 
in order to come within the rectangular limit. The slight, ordinary 
errors in the measurement of the meridional section lines are taken 
up by the adjustment of the bearings of the latitudinal section lines 
which, in order to come within the rectangular limit, must be within 
2V of cardinal; the accumulated error in measurement in nmning 
north is placed in the laat fractional half mile; here the meridional 
distance will be chooked by a caLciilated closing around the last 
section, and the latitudinal error must not exceed 50 links (or •^) 
in order to come withiil the usual limits of closure. The accuracy ojf 
the subdivlsional survey will everywhere be tested by the usual 
rules for limits of closure, hereinafter described. The surveyor 
should discriminate carefully between the limits for subdivision 
and Uniits of closure and note with due respect that whereas the 
latter may adnoi^pf differences as great as 50 links in any one section^ 
the former are;cdntrolled by the limit of rectangularity and will be 
exceeded it the accumulative error is greater than 3^'' in alinement, 
or 8 J links per mijein ineasurement. The accumulative error must 
ever be guarded against and avoided, and the order of survey is 
arrajiged with a view to furnishing continuous checks upon the 
acctCriacy of ail lines.' 

182. Any ratidorii ^ubdivisional line may be run for distance only 
where the objective section corner is in sight, but the bearing will 
be recorded, and the usual rule^ for running random and true linep 
will be duly observed jp ev^ry other respecti The random latitudinal 
section lines,, excfepi in 'the West range of sections, ^viH normally 
be run from w^6st* to. e^t, thus always closing upon a previously 
iestablished section corner ; but when under the exigencies of the field 
work, in order to econoniize the time of his party, the surveyor may 
elect to project the Random fron^ east to west (always parallel to the 
south botmdary df the section), a temporary section comer (if th^ 
pennaneiit comer has not already been established) will be set at 
80 chains, and the tme point for the section comer will be determined 
as usual at the 80-chain point on the meridional section line, where- 
upon the connection of the random latitudinal line and the perma- 
nent ma rking of the true line will be completed as regularly provided . 
Examples of the authorized rules for running subdivlsional lines will 
be fbund in the specimen field notes. 
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IBRBOULAR BOUND ASIEfl. 

188. Where either of the governing boundaries of a township is 
disqualified ae a controlling line upon which to initiate a subdivi- 
sional survey, the necessary retracements and resurveys or altera- 
tions will be accomplished before subdividing as previously 
explained under the subject of township exteriors; thus may be 
assured every possible provision for a correct subdivisional survey 
except as either the south or the east boundary may be defective in 
alinement and not subject to rectification. 

SECTIONAL GUIDB VXRIDIAN. 

184. If the east boundary of the township is defective in aline- 
ment, and can not be rectified, and the north boundary is thus made 
defective in position, the first meridional section line will be pro- 
jected on a true meridian to an intersection with the north boundary 
of the township where a closing section comer will be established 
and the distance measured to the nearest regular comer. The inter- 
mediate quarter-section and section comers will be establi^ed 
alternately at r^ular intervals of 40 chains, counting from the south, 
unless the south boundary of the township is itself defective in 
alinement. Where the north boundary is not defective in position 
(nor within the danger zone) with reference to the section comers 
on the south boundary (by reason of the errors in the alinement of 
the east boundary being compensating), the first meridional section 
line will be projected 5 miles as a true line on a bearing calculated to 
intersect the objective section comer on the north boundary, and the 
last mile will be run as a random line on the same course and cor- 
rected to a true line after the falling has been meastuied. The 
remaining meridional section lines will be run parallel to the one 
first established, in the usual manner, to closing section ctnners on 
the last mile or random and true as the case may be. 
, The fractional measurements of the latitudinal section lines in 
the first range of sections will be placed in the east half mile; else- 
where, unless the south boundary is defective in alinement, the 
latitudinal section lines will be run in the iisual manner. 

SECrrONAL CORRECTION LINE. 

186. If the south boundary of the township is defective in aline- 
ment, and can not be rectified, and the west boundary is thus made 
defective in position, a sectional correction line will be surveyed 
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as a permanent line on a true latitudinal curve initiated at the first 
r^^Iar section comer on the east boundary and projected to an 
intersection with the west boundary o£ the township where a closiiig 
section comer will be established and the distance measured to the 
nearest regular comer. The intermediate quarter-section and sec- 
tion comers will be marked as temporary points at reg:u]ar intervals 
of 40 chains, alternately, coimting from the east. Where the west 
boundary is not defective in position (nor within the danger zone) 
with reference to the section comers on the eaat boundary (by reason 
of the errors in alinement of the south boundary being compensating), 
the first latitudinal section line will be projected 5 miles ae a per- 
manent line on a bearing calculated to intersect the objective section 
comer on the west boundary; temporary quarternsection and section 
comers will be marked at r^fular intervals of 40 chains, alternately, 
counting from the east. . 

The section comers on the sectional correction lii^e will be estab- 
lished at the several points of inteisection of the meridional section 
lines alined in the normal manner. Ther^fter th^ quarter-section 
comers on the sectional correction line will be establiished at the 
usual mid-point positions except in the east and west ranges oi 
sections. .The quarternsection comer between sections 25 and 36 
will be established at 40 chains from the west if the east boundary is 
defective jin.* alinement; otherwise it will be fixed at. the. usual mid- 
point position. The quarterwsection comer between^ sections 30 and 
31 will be placed' at 40 chains from the east,, and if the sectiQ&al cor- 
rection li^ has not been terminated at a closing sectijon comej on the 
west boTjndary of. the township (a^ previously provided),, die line 
between>sectibns 30 and 31 will be run random and true iii t^e-normal 
manner. The quarter-section comers on ■ the meridional 'section 
lines in the south tier of sections will be pehnanently eertablished at 
40 chains south from the comers on the sectional coii^tidn line. 
The ballince of tl^e subdivisional lines wiU be continued from the 
sectional correctidn line in the usual manner. 

18ft,' Where the south part of the east boundary, or the ^»st part 
of the south boundary, is regular, ind the balance of tl^e exterior ie 
found to be defective in alinement and not subji^t to xe<2ti6cation, 
the subdivisidDal, survey will be made regular as' |%r 94 jxMsible. 
The initial point lor the sectional guide meridian, or for th^s^K^tional 
correction Une, will be determined by existing C9Qdttions, and the 
subdivisional survey cctoitinued in harmony with the principles 
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aheftdy outlined. Thus the £nt xneridional sectLoiL line would be 
continued as a sectional guide meridian if the nordi part of the east 
boundary is defective in alinement and thenorth boundary is 
thereby made defective in position, but if the north boundary is not 
defective in position (nor within the danger zone) the first meridional 
section line should be continued on a course calculated to intersect 
the objective section comer on the north boundary. The same prin- 
ciple would be observed if the west part of the south boundary is 
defective in alinement and the west boundary is not defective in 
position (nor within the danger zone), but if the west boundary is 
thus made defective in x>oBition the sectional correction line should 
be established on the true latitudinal curve. 

Under the provisions of the above paragraph it will be seen that 
the maxifnum number of normal sections are to be secured where the 
condition of the governing boundaries warrants a combination of the 
several general plans of subdivisional surveys. The sections adjoin- 
ing the east boundary may be considered regular to the full extent 
of their conformity with the usual rectangular limits, and where 
such agreement obtains the quarter-section qomers on the latitudinal 
section Hues will be placed at the normal mid-point position. The 
sections adjoining the south boundary of the township can not be 
considered regular unless the meridional lines are establi^ed at 80 
chains in length, and the sections are otherwise in conformity with 
the usual rectangular limits; certain exceptions to this rigid require- 
ment win be noted under, the subject of '^fragmentary subdjl vision." 

187. The field notes of subdivisional surveys embracing either a 
sectional guide meridian, a sectional cor^tion line, or other gov- 
erning section line, will be compiled in the same regular order 
heretofoiie described, but approi»riate explanatory r«narks will be 
added indicative of the method and order of procedure. 

' CLOSING SECTION LIKBS. 

188. In the event of defective north or west boundaries, not sub- 
ject to rectification, where the subdivisional Unee can not be con- 
nected with the previously established exterior section comers, 
regularly by random and true lines not exceeding 2V from cardinal 
and at the same time ncft deviating more tfatan 21^' from a tine parallel 
to the opposite (regular) boundary of the section, the normal posi- 
tions of the randoms will be made the true lines; a dosLBg section 
comer will then be established at the point of intersection of the 
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section line with the originikt botihdary, and the distance will be 
meacnued to the nearest oi^;inal comer. The quarter^fiection cor- 
ners on the closing section lines will)>e placed unilonnly at 40 chains 
from the south or east as the case may be.. If net already accom- 
plished, the defective boundaries of the township will be retraced 
as may be necessary, and the marks upcm the original coruers appro* 
priately altered as previously provided under the subject of rectifi- 
cation of defective exteriors, whereupon new quartetHsaction cor- 
ners, common to the sections of the township which is being subdi- 
vided, will be established on the original defebtive boimdaiies at 
the mean distance between the closing section corners* or at 40 
chains from one direction, depending upon the plan of the subdi- 
vision of the section to which a particular quarterwwction comer 
belongs. 

189. Comers ol two sections on the governing south o^ east boun- 
daries of a township will not be established as closing section 
comers, but at regular distances by measurement <m said boundaries 
as already provided under the subject of reetifieation of defective 
exterioraLbefore subdividing; thereafter the position ol said comen 
will control the subdivision^ survey. 

190. Where a section is iavaded by a State jpr reservati on or grant 
boundary, or by a private claim of any description, such as mineral 
claims, forest-homestead cMme^'^maU^iolding chdma, etc.» whose 
boundaries' are at variance with* the lines of legal subdivision, the 
distance on the township boundary or section line to the point of 
intersectijon with the irregular boundary will be carefully meaBUied, 
likewise the exact bearing of the irreguku* boundary will be deter> 
mined and the distance will be "measured to the nearest comer on 
such irvegular boundary. Where a private claim is located entirely 
within the limits of a section, a cozm^tion will be made from a 
regular comer on one of the boundaries of the section to a eomer of 
the ckiiu, and the bearing and length of the connecting liw will be 
carefully determined. In the latter case a coimecting tr^vene lins 
will be necorded, if one is run, but it y^ also be seduced to the 
equivalent direct course and distance, all of which will be stated in 
the field notes, iand'.the course and length of the direct cotmeding 
line will be shown upon the plat of the survey. 

191. If a survey is to be concluded iqxm an irxegoiar boundary 
at variance with the lines of legal subdivision^ xx if the survey ie to 
be continued on a blank line to acquire a definite locatioii upon the 
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i}ppoeit0 irregulftT boukidtty^ but withoot ittoAUiOMitijQ^ tlie reo» 
tangQlftr mavefy betwMii MUiiiiifiegtlkr fooutidaries^ a dosi&g tavn^ 
sbip or Bectiob cormt, «b the ca»6 nby 'b«, %vill be raqnifed. at tii6 
point of Inteisection of the regulaf Widi the irr^ular line. Op the 
other hazicl, if the survey is not to be so concluded^ but ia to be coji*^ 
tinued for the patpftm' of eetabUshiiig i^ full ooiiit»]«iiie»t ol section 
and qtiair(ei>00CtiO]i (oortws for tho oontiol of Hie sabdrTiaon of i 
sectieti bo invndod by a private cliim, no domig ooro^ Tvili be 
required. 

M2* In e:v^9fy cmo where a cloeing townahip or eoction comer is 
to be estftbliflhed up(tti a standaord parallel, State, reservation, giant* 
or claim boundary, xnt upon an in^gnlar aection line or exterior, the 
line t^eeed upon (if the latter was not estabyahed by die surveyor 
who ru3te tile clodbig line, orif notafaeady relarecedby him), will be 
retraced betvreen the first cornetB to the right and left of the point 
for the ckwi]^ comer, in order to determine the exact alinemeint of 
the line closed upon, to libe end tliat the doailig comer may be 
establSshed at the predse poijkt of intexeeotaxMi of the two lines. The 
distaaice from the clofling corbejb to the nearest comer on tbe line 
cloeed upon will always be meaisured and recorded; 

SUBDIVISION p^ sscnoNa 

IM. The acts of Congress approved February 11, 1S05, end Aprfl 
5, 1S32, cotitam the fundamental provisions for the subdiviaaon of 
sections into quabrter sections and quarter-quarter sections; tlie priisb- 
dplofi rticcfeiiied by law* ha-^e already been statisd in Chapter f. 
The sections are not subdivided In the field by the United Statee 
surveyors unless proViaioh therefor is specifically mentioned in the 
written special Instrucftioiid, but certain subdivision<^f-section lines 
are always protracted upon the official plats, and the local surveyor 
who may be employed by entrymen to run said lines in the field m 
coiUpetted toi correlate the conditions as found upon the ground 
witli those shown upon the approved plat. The United States sur- 
veyor is required to so establish the ofScial monuments that -ft 
-prcfp&f foundation is laid for the subdivision bf the section, whereby 
the officially surveyed lines may be identified and &e subd!visi<m 
of the section controlled as contemplated by law. 

Id4« The rectangular system provides lor the urdt of dispoeal 
Tinder tbe general land laws, broadly, the quarter-quartersectioa of 
40 acres, upon a phm in which l3ii3 square mile, or section of ^40 
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acres, is the uiiit of subdiYiaiaa, wliUie tiiemit of survey is the town- 
ship- of 36 eeotioiis. AU agncuHunl.eiitrie#'a«e baied upon descrip- 
tioDB in accordance with legil subdivifiions chown upon the offi- 
dai plat. The plata are cooatrucfied in hatmony with the official 
field nol^s letumed by the suiTMeyor^ The land^jaicliided in an 
entry is identified on the ground by fized maunmentt^ established 
■by the surveyoi. A United States land patent granta to the entry- 
man a tUle of ownership to a tract defined by certain &j.ed monu- 
ments on the ground and related by description and outline to the 
official plat. The function of the United States surveyor has been 
lulfiUed when he has properly esKecuted and monumented his survey 
and returned an official record thereof in the shape of complete 
detailed field notes and a plat. The function of the local sUrvey<« 
begins when, he isesapbyed as an expert to identify the lands which 
have passed into private' ownership; this may be a simple or a most 
complex problem* dependiai^ lai^ly upon the condition of the 
original monimients as alEected principally by the lapse of time since 
the execution of the official survey. The work of the local sujcveyor 
vflUaHy includes the subdivision of the sectioni already -menticnied 
as the official unit of subdividun^ inike the fractional part^ ehowii 
upon the approved plat. In this capacity the local surveyor is per- 
forming a function contemplated by law, and he can not properly 
^erve hia client or the public mless he is familiar with the legal 
requirements c<;M^cerning the subdivision of sections^ In the event 
that the original moniunents have become lost the surveyor can 
not hope emotively to recover .said corners without a full under- 
4(tanding of the recprd concerning their, original establishment, nor 
.can the surveyor hope legally to restore the same until he has 
mastered not only the principles observed in the execution of the 
•original survey, but the principles upon which the courts haviBg 
Jurisdiction over such matters have based their rulings. 

195. The General Land Office assiunes no control or direction 
a>yer the acts of local and ooimty purveyors in the matters of sub- 
.xiivision of sections .and reestablishment. of lost comers of original 
^Offveys where the lands have, passed into private ownership, 
^or '^vill it issue instructions, in such cases. It follows the 
general rule that disputes, arising from uncertain or erroneous loca- 
tion of cori^ers, originally establiahed by the United States, axe to 
•:b€|^ttled by the proper local authorities or by amicable adjustment, 
tHind the office desires that the rules controlling the acts of its own 
eurveying service be considered by all other surveyors as merely 



advisory and explanatory of tite jNiinciples which should prevail in 
perfannijig such *^tfep. • 

The sabject ol restoration of • lost comers will be treated -jpl a 
later chapter, as the^purposd^hei^. is' to outline the principles con- 
ceming the subdivision of sections, which will be. recognized atike 
by the General Land Office surveying service and by all local sur- 
veyors. ^^ 

SVBDIVISfON BT FROTBACmOK. 

196. Upon the plat of all regular sections the boundaries of the 
quarter sections are shown by broken straight lines connecting the 
opposite quarterHsection comers. The sections bordering the north 
and west boundaries of a normal township, excepting section 6, 
are further subdivided by protraction into parts containing two regu- 
lar half-quarter sections and four lots, the latter containing the irac- 
tdonal areas resulting from the ^lan of subdivision of nermal town- 
ships ; the lines of the half -quarter sections are protracted from three 
points 20 chains distant from the line connecting the opposite 
quarter section comers, two of siid distances counting oh the oppo- 
site section lintt 9si6. one counting on the line b^twsden the fractional 
quarter sections; the Ihies subdividing the fractional half-quarter 
sections into the fractional lots 'are protracted from mid-points on 
the opposite boundaries of the fhk^tional quarter section. The two 
iaterior sixteenth-section comers on the botmdaries of the fractional 
northwest quarter of section 6 ar^ similarly fixed at points 20 chains 
distant north and west from th^ center of the section, from which 
points lines are protracted to cprresponding points on the west and 
north boundaries of the section, resulting in subdivisions Qontoining 
one r^ular quarter-quarter section and" three fractional 'lots. . The 
fractional lots herein desoribed will be nuigibered in a regular 'series 
progressively from east tp-^l^ or from north to south, in each sec- 
tion. As section 6 borders oh both the north and west boundaries 
of the township, the fractioiial lots in the same will be numbered 
commencing with No. liA>th|B northeast, thence progressively west 
to No. 4 in the northwest, and south to No. 7 in the southwest frac- 
tional quarter-quarter sedlion. 

Kntrymen are allowedv uijder the law^.to acquire title to any 
regular quarter-quarter section, but as such subdivisions are aliquot 
parts of qiiarter sections Sasc^ upon mid-point protraction, it is not 
deemed necessary to indieat^ these lines upon the official pli^t^. 
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Examples of subdivision by protraction. 
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E.bdy-d«factiv« in alintmant. 



. • 


• 1 

a •■ ' ' * 


1 


.'{ .:■..! :. 


t 


1 V 


' ' 


} ' ' '■ ' ■ « 


.•..^'.«. ^'ik.^. 


-ui-'*.--.'u:'aj--w. 


1 


.," * . '1. 


' 


1 . . • • ( 


••*•*— ,^' **i^ M»^ .. ^»^.^*4»<<^— «>| 


, 1 
> 1 ^ 

1. 


} ' Ji r 4 

• 1 • " ^ 





: -T — — T ^ 

1 ■ I ' 


» 


i 1 ' 


t ' 


it 
1 i 




*.^--A-K----'4--^^ 




' i 1 

1 1 3 I 


. 


1 '.f .'■ 




^-^wi,^« 1^^^4-.--^ 




' • 1 




4 j 4 r B "7 


* 


1 -1 



5.b^ dafaativa in alihamant. 



£ Jk&bdrs.d«ftctiva in alinamant. 



Examples of subdivision of fraational sections. 



178 HANUAL OF BVWnSYmO IJNWBtHJUHONS. 

197. Sectionfl which are invaded' by meanderable bodies of water, 
or by approved ckdms at variance with the regular le>gal mibdivinoos, 
sre ^ibdivided by protraction into regula(^«]id tr a e U oaal pacts aa 
may be necessary to form a Buitablei basis lor theeniary-trf the public 
lands remaining undisposed of, and to describe the latter separately 
and apart from the segregated foeas; 

The meander line of a body of wator and the boundary lines of 
private claims are platted in accordance with lines run or connec- 
tions made in the field; thereupon the sections so invaded are sub- 
divided as nearly as possible i^ cohfoimity with the uniform plan 
already outlined. The subdividoit-ol-aection lineis are terminated 
at the meander Une or claim boundary,^ as the case, may be, but the 
position of t^e eubdiyisio»-of4iec1ion lines i^-contrt^ed- precisely 
as though the section had been completed regularly. In the case 
of a section whose boundary lines are in "part within the limits of a 
meanderable body of water, ~6i wijthin lihe boundaries of a private 
claim, the said fractional section lines aze| for the purpose of 
uniformity, completed in thedry, and the protiacted x>osition of 
the Bubdivision^of -section line$ ia controlled , by the theoretical 
pG&nts so determined. 

iL9$* In the. subdivision of frac^onal sections aa many l)%ular 
parts should be seciured as pos^ble, except to avoid thus creating 
poorly shaped fractional lots. Skill land judgment qiust be exercised 
to' accomplish a subdivision wlxich- embraces simplicity of platting 
as well as a form to each and every l^t that will prove to be equitable 
to the entryman. In the case ojf fractional lots along*' the north and 
west 'boundaries of a townsMp, and in other sfeaalar- coo es where a 
lot has a full normal width of 20 chains in bne direction, it is gen- 
erally advisable to avoid areas of less than 10 or more than 50 acres, 
but in the instance of fractional lots along a meander line or other 
irregular broken boundary, where the width of the lot in both direc- 
tions mAy be considerably less than 20 chains, resulting in tracts of 
more compact form, it is geneijally better to avoid an area of leas 
than ^ or more than 45 acres. The pui:ix)se of the aforestated limits 
is to create fractional lots of dimensions that will facilitate all entries 
being made in a form that is optional with the entryman; an ad- 
herence to this practice will greatly areduce the necessity for the con- 
struction of supplemental plats nqw frequently demanded- for no 
other purpose . Extreme lengths or narrow widths should be avoided; 
the longer direction should extend back from a meander line or 
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claim boundary lather tbjDi along the same. It is inconsistent that 
a fractional lot lie partly in two sections, and it is generally better, 
wben consistent with other rules, to avoid fractional lots extending 
from one into another fractional quarter section. 

199. To secure a uivLfonn system for numbering lots of fraction^ 
sections, including thqs^ above specified, 'imagine the section 
divided by parallel latitudinal lines into tiers, numbered from 
north to south; then, beginning with the eastern lot of the north 
tier, call it No. 1, and continue the numbering west through the 
tier, then east in the second, west in the third, east in the fourth 
tier, etc., until all fractional Ipfs have been numbered. A lot ex- 
tending north and south through two, or part of two tiers, will be 
nunaberod in the tier containing its greater area. In case any tier is 
without numbered lots, the numbering will be continued in the 
next tier to the south. This method of numbering will apply to 
any part of a section. . A section that has been partly siurvreyed at 
different times should have no duplication of lot numbers. 

200. When, by reason of irregular surveys or from other causes, 
the length of a township from south to north exceeds the regular 
length of 480 chains, or the width from east to west exceeds 480 
chains, to such an extent as to require two or more tiers of lots along 
the north boundary, or two or more ranges of lots along the west 
boundary, as the case may be, the entire north or west portions of 
said sections beyond the regular legal subdivisions usually provided 
in these sections, will be suitably lotted, and to each lot will be 
assigned a proper number. Certain exceptions to this rule will be 
found in Chapter VII,, in the instance of townships which possess 
abnormal dimensions in one or both directions. 

201. If the first meridional section line of a township has been 
established as a sectional guide nieridian, or the first latitudinal 
section line has been established as a sectional correction line, 
fractional lots will result along the east or south boundary of the 
township, as existing conditions may necessitate. Thus, where 
either the east or south boundaries of a township are defective in 
alinement (and not subject to rectification before subdividing) the 
sections bordering such defective boundaries will be subdivided, by 
protraction in accorda-nce. with rules similar to those which operate 
in regard to sections bordering the north and west boundaries of 9 
normal township. Other examples of subdivision of sections will be 
found under the gei^eral subject of *'fragpaientary subdivision.'' 
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SUBDIVISION BT SmtVlST. 

2^62. The rules for subdi\Tsion of sections "by actual survey in the 
^eld are based upon the laws governing the survey of the public lands. 
When cases arise which are not covered by these rules, and the 
acfvice of the General Land Office in the matter is desired, the letter 
6f inquiry should, in fevery instance, contain a description of the 
particular tract or comer, with reference to township, range and 
section of the public surveys, to enable the office to consult the 
record; also a diagram showing conditions found, giving distances 
in chains and links and not in feet. 

20^. t^liminary to subdivision it is essential to know the actual 
boundaries of the section, as it can not be subdivided legally until 
the section comers and quarter-section comers have either been 
found or restored by propef methods, and, the resulting courses and 
distances determined by survey. The practice of entering a section 
to survey a tract from only one or two corners, and those p^haps 
unreliable, is unlawful. 

204. The ol-der of procedure is: Mtet, identify or reestablish the 
boundary corners; next, fix the lines of quarter section)^; then, form 
smaller tracts by equitable and proportionate division, acconling 
to the following rules: 

205. Subdivision of sictions into gtutrter sections. — ^iJnder the 
jpro visions of the act of Congress approved February 11, 1805, the 
course to be pursued in the subdivision of sections into quarter sec- 
tions is to run straight lines from the (established official quarter- 
section comers to the opposite corresponding comers, ^e point of 
intersection of the lines thus run will be the comer common to the 
several quarter sections, or, in other words| the legal center of the 
section. 

Upon the lines closing on the north and West boundaries of a 
i'egulaf township the quarternsection comers are established by the 
tFnited States surveyors at 40 chains to the north 6f west of the last 
Interior section comers, and the excess or deficiency in the me&fiure- 
inent is thrown into the haU mile next to the township or range line, 
as the case may be. 

Where there are double sets of section comers on townfMp and 
range lines the quarter-section comers for the sections south of thfe 
township lines and east of the range lines have not always been 
established in the field by the United States surveyors, but in sub- 
dividing such sections s^ quarter-section comers should "be so 



placed as to suit the calculatickJB ol &e areas of the quarter sections 
adjokdiig dbd towniiidp l>otaidarieB as'exiwessed upon >t^' official 
platy adt^ting pioportioiiate measitrements where the new measure- 
ments of the north or west boundaries of the aectum differ from t)ie 
origiiial measurements. 

206* BubdifMon of fraeUomi iectiani, — ^The law provides th^t 
wher^ opposite comsponding quartei^sectkm comers have not been 
or can not be fixed, the subdiviitioii-of-flection lines should be ascfv* 
tained by running from the established corners north, south, e$8t 
or w^eet lines, as the case may be, to the water course, reservalibn 
liae, or other boundary of such fractional section, as represented 
upon the official plat. In this the law presumes the section lii^es 
surveyed and marked in>^4he field by the United States surveyois>to 
be due north and south or east and west lines, but this is not usually 
the case. Heitee,-'iit order to carry out-the^ eipm^ i4 the law, it will 
be neceseary in running the subdivisional lines through fracti<nial 
sectioiis to adopt mean courses^ where the section lines aie not dUe 
lines, or to run the subdivision<of-«ection lines parallel to the eaat, 
south, west or north boundary of the section, as conditions may 
require, where there is no opposite section line. (See sec. 197.) ' . 

207. Svhdmmxm of quarter sections into qUarteT^^pjuxrier sections':-^ 
Pfetiminary to the subdivdsiQn of quarter sections, the quarter* 
quarter- or sixteenth-eection comers wiU be establiidied at points 
midway between the section and quarter-section comers, apd 
between the quarter-eection comers and the center of the sec- 
tion, except on the last half mile of the lines closing on irregular 
boundaries, where they should be placed at 20 chains, proportionate 
measurement, counting from the regular quarter-section cgmer, 

The quarter-quarter- or sixtjeenthnaection comers having been 
eetabliebed as directed above, the center lines of the <|uarter sectj^on 
will be run straight between opposite corresponditig quarter-quartjer- 
cr fiixteenth-4Bectton comers on the quarter-section boundaries. The 
intersection of the lines thus mi^t will determine the legal center fA a 
<juarter section'. 

208* SvMivision offracticnal quarter sections. — ^The subdivisic^l 
lines of fractional quarter sections- will be run from properly estab- 
lished quarter-quarter- odrsitteenth-sectian comers, with couiees gov- 
erned by the conditions represented upon the official plat, to the 
lake, waterrcourse or reservation which renders such tracts frac- 
tional. (See sec. 197.) 
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Official fweasurements. 



Remeasurem«nts. 



■^bove examples of subdivision by survey show the relation of the official measure^ 
s and calculated distances to the remeasurements, and indicate the propar> 
1 distribution of the differences. 
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K By^^pt«iKkrlioiiMte'iu«0iirement'Vis^m meMuiemttit 

liit^riifg tte ittttdwdb totbttt Recorded in tho origiiiftt field noles as 
tbe length of tbe Hue bjrr^-meAirarement bears to- its length as giren 
in the record, ttsosenable' ^xcr^pBintim betweoi focmer and new 
measoiementsmaygeneiiallybe'egcpeoted. SmramayoeeiErtlinnigh 
many causes and ^hovld be as cazjafully avoided in re-measurements 
as in original snrveyB. Instead of the old practice of ^'adjusting 
the chain" to Btdt the former measure, the distance obtained by 
a precise method jb compared -viith that of the record,. and th^ 
shortage orsmplns is t^otaapttted by proportion, producing the sam^ 
restdt in a more reliable manner. For example: The length of the 
line from the quarter-section comer on the west boundary of section 
2 to the north line of tiie towncdiip, by ihe United States surveyor's 
measnrement was reported as 43.40 chains, and by the county sur* 
veyor's measurement was found ^o be 42.90 chains; then the distance 
which the quarter-quarter- or siicteenth-section comer ishould be 
located north of the qUarter-eection comer would be determined by 
proportion as follows: As 43.40 chains, the official measurement of 
the whole distancei, is to 42.S0 chains, the county surveyor^ measure- 
ment of the same di^nce, so is 20 chains, original meastirement, to 
19.77 chains by the county surveyor^ Ineasuremeht, e^^^^ing that 
by proportionate measurement in this case the quiirter*quarteiv or 
sbcteenth-sectibii cbrxieri^atild be set at 719.77 (^alm^nc^ ofth# 
qtuurter-sectibii c<>rn<^Y idstekd of 20 chains notth of said comer, ta^ 
represented on I3ie official plat. ' In this manner thef discrepancies 
between original aM ttew measuremients «re equitably disttibuted. 
2ld« By way df fetopitidstien it sheuld be emphasized l^t when 
entrymen have acqu£rbd iStle td certain legal subdivisions they lukVc^ 
become the owners of the identical ground area represented by the 
same snbdivitdons upon ^the offi<^al plat. It is a matter of expert oif 
techmca! procedure to' mark out the le^l stibdiviaioiis called for liir 
a patent, and entrj^en ajre* lEulv&ed that a competent Burreycit 
i^oiild be employed. "The^tfrveSrdr must necessarily identify theT 
section boundarieil and lo(6ate the l^lc^rter of the section in otderto 
determine the boondltfies bfa qmurter'tiedibn. Then, if the boun'^ 
daiies of quarter-quarter sections^ or fractiqnal lots, are to be deter- 
mined on the ground, the boundaries of the quarter section must be 
measured, and the si^t^ienthH^ectibn comers tibereon should be fiked 
in aceotdahce wi^ the pibpOrtioiial distances repreiedted upon the 
approved plat, ^theretiptm the legal center of ihe quarter section 
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fepcnraiitied upon tlie pliijt, ^veiy pfirt of Ite ftrtroer in. Inife prepor* 
tiMi to tlie iMteK, ,i«^«re tJie . eiomentft «l «l»ac)lute distance iomI am 
kftve ^moa 9im9(y to conesiwiiidiiir fu^t^^i^Until wdts ^9 defined by 
IKsod]tianiiine«utofitt»bl]sh^iai^<M^^ . > 

FRAGMlSNTAHY SUBDIYlSdOI^ OF TOWNSHIPS. 

. £11* In tlxo piec^diog article covering tho erubject o| subdivision 
of towxuiliipct eveiy «aiumptioiv w^ ^9^. ^po^ ifdtiating the sub* 
dlvisLostfil survey upou regularly eetabU^ibed ext9riQi:9i or» when 
KOeeo^KMry, » sectional guide mevidiaa or a sectional cor^ectioii line, 
pr both, wem to be eatabliflhedy upon whicbi rest^ tbe control of 
tbo. subdiviMon of Ijbje townabip, Tbe ^ubfUvision d every full 
townabip may always be goy^ed by tbe aforestated i:^les, but many 
other ^tots operate in detersuxdi^g.tbe meUiod and order of prch 
oeduie to be adopted in tbe ina^ce 9! £c^tional townsbipe which 
hay^ |io Uneur south, or ea^t boundary, or.in thd case of cosLtmving 
with the survey of partially subdivided townehips, wl^e^ one or more 
of the previously established section lines m^y be found to be de- 
fective in lespect to th^ re<?t4Uigwhi.r limit, , or yhere partinUy sur* 
vey^ sedionsy &: sections containing :Outlying ar^ protracted as 
KHTvey^, are to, be, completed, .The surveyor can, npt hope to 
UMister thp subject' of fragmentary subdiviaou; of townshipe until 
he ha9 becpi^id thoroughly iamiUar with ev^ question renting to 
^ fubdivjsioa of sections^, nor is it possiblB to giye in the Manual 
an evampbi of every, intricate pxoVlenx which ^y be encountered 
in the field; thus the following di^uss^on deals primarily with the 
pnni^plee, which must be coopered mr the Mdy operating to 
eqntrolHie.suxveyor'fl method fmd.9rA€iroipEoceduxe, Jtispomble, 
]|oireveri t^t ci»^ l^^y arise^o. complex in tbei^ da«racter as to 
BfDduce a leeUog of doubt relativo tathe prpper solution of the prob- 
lem; in whiph ca^e t)ie surveyor will at once iponununicate with the 
pi^er s^pervinng oip^r, wjbmittiqg information, by letter and 
4iegram,^of the exact condition aafoiind W^t^> ^<1 Ih^neceasary 
inntructioBs will be forwardedas.soon.mi practicable^ 

FRACTIONAL TOWNSHIPS, 

212*> Where by reaaon of the ppesence <>f a large meandetable 
body of wat^, impassable objeqtPs a State or roiervation oc giant 
boundary, or for other eiadlar reaaopB ^ township is made fvactioDal 
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and is without a full linear Bouth or east boundary, and it has been 
found adriflpble to run section lines as ofliKts to'tiie township ex- 
teriorB, the fractional section lines south and east of said coBtrolling 
lines willl>e projected opposite to the usual.direction; the fractional 
measurements on said lines and the i^suhangr^^nK^tionid lotq will be 
placed against the irregular boundary. If similar conditions obtain 
throughoiit the north or west part oi a fractional township no depBit- 
ure from tite regular order of subdivinon becomes- necessary ; in all 
such cases the fraictional measureqients on, the exterior and subdi- 
visional lines, and the resulting fractional lots, will be placed to the 
north and -west against the irregular boundary. 

218. Where on accoimt of impassable objects or for other reasons 
no part of the sputh boundary pf a township can be legularly 
established, th.e subdivision thereof pay. proceed from north to 
south and from east to west, thereby throwing all fractional meas- 
urements and areas agamst the west boundary and the meanderable 
stream or otiier boundary lijsdtihg the township on the south; if the 
east boundary is without regular section comers and the north 
boundary has been run eastwardly as a true 4ine» with Bection 
comers at regular intervals of 80 chains, ih/b subdivision of the 
township may b» mad^ feom-west to ea^ ifi which case the frac- 
tional measurements and areas- will be thrown ^against^e irregular 
east boundary; on the other hand, if the north boundary of section 6 
is fractional, a sectional guide meridian will.be initiated at the 
easternmost regular sectidn comer on the north boundary of the 
township, which ^11 be projected to the south to take the place of 
a governing east boundary, thus the subdivisional Purvey would be 
projected irom notth to south and trom easlt to west, with fiactional 
measurenients, and resulting fractional lotiB, on th^eattt, south and 
west boundaries of the township, The accompanying diagrams are 
illustrative of the principles which operate to control the subdivi- 
sion of partial towhships. : ! - ». * 

214* A very' considerable j;lass of surveys now coming before the 
(jeneral Ifmd Office embraces the continuation of tjhe subdlvisional 
survey of towhships previdusly subdivided in part only, froquently 
including the completion of fN^ialiy surveyed sections ot of sec- 
tions containing outlying areas protracted a$ surveyed. II defective 
conditions are encoun^teored ^in-tiie' previously established surveys, 
the problems concerning the probedure to be adopted' -multiply 
xapidly and require the greatest skill*, on the'part of the surveyor. 
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In the constmction of new town^]^ plats the fonner practice of 
showing certain otitlying areas of Bections protracted is surveyed 
has beei^ abandoned as un^tisfactory and inconsistent with the 
surveying laws. 

RETRACCHEKTS i 

215. Practically all fragmentaiy surveys require more or less re- 
tracement of the otiginiJ surveys in order to identify th^ initial and 
closing lines; such retracements will always be accompanied by the 
restoration of all lost comers adjacent to the sections embracing, in 
whole or in part, the areas to be included in the extension survey, 
inH90-far M the section or subdivinon-ofnsection lines controlling the 
new areas may depend upon the position of the prtviously estab- 
lished corners. The surveyor will often be required, in order to de- 
termine properly the position of a lost comer, to retrace additional 
lines which are not the boundaries of sections containing the new 
areas to be surveyed, but no reestablishjnents on such lines are re- 
quired. .The theoi^tical position of a. lost comer may be at variance 
with an iinofficia^ comer established by local survey, accepted and 
recognized by the owners of the private l^hds affected; thus much 
trouble between landowners is avoided if the reestablishments are 
confined strictly to those comers which control the position of the 
section boundaries or the subdivision-of-section lines affecting the 
public lunds to be surveyed. A general exception to the forgoing 
rule will be made in the case of identified original comers which 
axe adopted as a basis from which to control the reestablishments 
bordering the public land sections; such original comers, if not in a 
good state of preservation, will be rck^nstracted in first-dass order, 
a complete record of which will be embodied in the field notes. All 
restorations of lost comers will be made in strict accordance with 
the provisions of Chapter V of the Manual. In the instance of de- 
fective conditions contained in the previously' established lines, ex- 
ceeding the rectfingular limit, even though aJl original comers may 
be fully identified and in a good state of preservation, the necessary 
retracements of the section boundaries will be made in order to de- 
termine "the factors entering into the closing error and to furnish 
suitable data for the calculation of the areas of the resultixig fractional 
lots embraced in the extension iurvey. 
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COMFLETIOK OF PARHHXT S^BVETBD BBCnONS. 

216. Many aflsigzuuents iar iragmeutary surveys require the com- 
pletioa of the purvey of portions of boundaries of sections heretofore 
unsurveyed, in which sections are contained areas fixed in position 
by less than the regular complement of comers usually established 
for the identification of the legal subdiyisjons of the section. In 
the completion of such partially surveyed sections, the surveyed 
will be expected to give full considen^tion to the manner of pro- 
tecting acquired rights based upon the f onner approved plats. 

The following ten principles are distinctly applicable to the sub- 
ject: 

Ist. The legal procedure govigrning the Bubdivision of any 
normal section into qt^arter dections is based broadly on the 
principle that the partition lines may be definitely fixed by 
lour opposite quarter-section comers established on its bouna- 
aries; tne intersection of the true center lines thus controlled 
is the legal point for the Interior quarter-section comer of a 
section. ' 

2d. The legal procedure governing the subdivision of regular 
quarter sections into quarter-quarter sections is based brradly 
on the same principle of controlling lines projected between 
opposite sixteenth-section comeifs ox the quarter section, the 
latter cdmers established at mid-points on the true lines bound- 
ing the quarter section; the intersection of the true center 
lines of ine Quarter section is the legal point for the interior 
fiixteenth-eecnon comer of such regular quarter section. 

3d. The legal procediu*e governing the subdivision ol sections 
containing tocticmal lots into their component regular quarter- 
quarter sections and fractional lots is based on the same principle 
with the simple modification that the sixteenth-sectiosi comers 
on the boundaries of such quarter sections are themselves 
established at distances conformable to the proportions shown 
on the official plat. ' 

4th. The fact that the full complement of four Beotion convers 
of the section and all of the four opposite quarternsection comers 
has not been established in an accepted siurvey does not impair 
the validity of any areas shown upon the approved plat, and 
the legal procediire to be adopted in the extension of the bound- 
aries of such section^ must be such as to fix, within reasonable 
limits, the remaining ciuarternsection comers in a position 
which will protect the int^rity of the. original aieafl oy con- 
trolling center lines connecting the old and liew quarter-section 
comers. 

5th. In the rectangular svstem the section is recognized as 
the unit gi subdivision, fm4 in ti»EOcee<ling with the extension 
of fragmentary siu*veys first consideration must necessarily be 



sTsrvM OF smaAvmihAM' BTmvaa}&^ 



101 







., 



^ 



II 



^ 
£ 



• fiara//9/ to S.bdy. 



80 



I 
1 



I 



Mfd-pofrtt 

I 
I 
I 

1 

. I 
\ 



2-. 



80 



I 

\ 
I 
I 
I 



? 
g 



I 



..-J 



t 



t 
jS 



^^.^ -*7 - w^^g^^^jgj^^tosSJi^^ 



I ■ J 






8 



I 



, • 



East boondary of section out of limits injneasurement; southeast qu»rtei;pratraoted 

as surveyed; and section to be completed 



dven to the completioil ^t tb0 survey of fractioiial sectioDS. 
No invaflion ol the orifi^Aal wot ifLtfAenble if any portton of 
such ipnt~ ins bwu surv e y e d , or if outl y ing a reas have been 
shown, protracted as surveyed. 

6th. ^'ReasonaWe limits" for the ftsation of the remainine 
quarter-flection comers of a section in a positidn which will 
protect the integrity of the original areas of such section may 
De coasidered such as for alinement when not to exceed 2V 
from St cardinal course, and for measurement when not to exceed 
25 lin&d from 40 chain* where the'opposite portion of the section 
boundary is shown as 40 chains, or in proportiMi as a timitmg 
difference when the onngsite portion of the Se<;tten is more or 
less than 40 chains. Tms concession as to limilts is made in 
the inderest ol simplicity, where by such canceselon rectangu- 
larity of both the old and new surveys may be maintained if 
so haqnonized. 

7th. The position of the new quarter-eection comer which is 
to be established on the new opposite boundary of a fractional 
section will be controlled from one direction only if the old 
opposite distance has been made to count from one direction 
only, and the controlling measurement will be made to harmo- 
nize with the length of the oppoette portton of the section, but 
if the old opposite distance has been made to count from two 
directions tne position of the new (quarter-section comer wiU 
be controlled from the two directions and the proportional 
lengths of the two portions of the new line will be made to 
harmonize with the proporticml lengths of the two parts of 
the old opposite bound^ry^ aH as indicated by the distances 
and areas snown on the original approved plat. 

8th. The im40rlying principles governing t)ie rectangular 
surveying system are equally applicable to the completion of 
the survey of fractional sections, and given a condition in an 
ori^al survey wMch in all its various ei^nents is ''within 
limits^' within the meaning of the rectangular surveys, the 
simple plan of continuinc; in the same manner and oraer as 
would have been adopteoL in the original sur^y, if the same 
had not been discontinued, will accomplish, usually in its 
Bimplest form the completion of the survey of fractional sections; 
this becomes the first duty of the surveyor before proceeding 
with the survey of additional sections, so that shovki irregularis 
be developed, no invasion of partially surveyed sections can 
result 'from the irregularities of other sections* It follows in 
principle, when irregularity is devebped, that the surveyor 
will be best prepared to determine the proper method of survey 
adapted to procure simplicity of correction of ^-gi^Hnp irregu- 
laritiec and an early resumption of regularity^ when ae is in 
possession of full data concerning the conditione of all the old 
lines limiting the fragmentary surveys and upon which the 
new lines are to be initiated or closed, his knowledge beiag 
based upon the results of actual retracement of such uregolar 
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old lines. It must be gruited that a skillful exercise of judg- 
ment by ike surveyor based upon his knowledge of the facts is 
far more desirable ^an to restrict him to the application of 
empiii<td rules devised to cover possible, but mnumerable 
combinations of irre^larity. 

9th. The completion of the survey of the partially survejred 
sections will be made as nearly as possible in ac^rdance with 
the regular rules for subdivi<ung when the original lines are 
found to be within limits, otherwise, sudi sections will be 
completed by surveying all lines in such a manner that each 
and every section (excepting in cases of unavoidable hiatus or 
overlap) shall have four regular boundaries without outsets, 
with four governing section comers and four controlling quarter- 
section; comers in such positions as to maintain the int^;rity of 
the fractional areas already shown upon the original plat. The 
subdivision thereof may then be made by connecting the oppo- 
site <]uarter-8ection comers in the regular manner with resultmg 
locations agreeable to the legal subdivisions shown upon the 
original plat. If an hiatus or overlap is unavoidable, the position 
of the "new quarter-section comer or com^r8 will be carefully 
determined for latitude on a meridional line or for departure 
on a latitudinal line on the same plan as would have resulted 
in the regular survey of a new boundary extending in full from 
the one or two directions which control the position of the new 
quarter-section comer or comers. 

lOth. Adjoining sections must be considered separately 
when placing the new q^iarter-sectioa comen^ and the new 
comer need not be common to the four <)uarters of the two 
adtoining sections unless the theoretical position for each section 
iadla within 25 links of a common point in which case the differ- 
ence may be adjusted in such a manner as to secure maximum 
regulaiily. 

217. Let it be assumed that adjacent to two established section 
lines, the rneridwruil line of which is out of limits in measurement, 
an outlying regular quarter section has been protracted as surveyed; 
then to coskplete the section the new section lines will be extended 
from the previously established section comers, parallel to the 
opposite established boundaries, or mean course thereof, to a mutual 
intersection. The quarter-section comer on the new latitudinal 
section lind would be established regularly at the mean point, and 
would ordiiiarily be marked to control the subdivision of two sections. 
On the new meridional boundary one or two quarter-section comers 
may be required ; one marked to control the subdivisioii of the section 
under consideration will be established at 40 chains from the original 
section caraer; the same qtuirter-section comer would be marked tb 
control the subdivision of the adjoining section if the fractional 
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measuiement is to. be thrown in t^e same direction in the two sec- 
fcioDSy otherwise an additaonAl quartei^section comer marked to 
control the subdivision of the adjoining section would ordinarily 
be placed at 40 chains from the new section comer. Again, let the 
same condition be assumed with the exception that the latitudinal 
section line instead of the meridional line is found to b^ defective in 
measurement. Then, t<> complete the section, the new meridional 
line would be sunreyed as in regular subdivision, parallel to the 
opposite meridional line, or mean course tSiereof, ordinarily with 
quarter-sectioEu and section comers of maximum conttol at 40 and 
80 chains, respectively. The new latitudinal section line would then 
be established on a trae line between the section comjers, and one or 
two quarterH9ection comeis will be establSshed as required; one 
marked to control the subdivision of the section under consideration 
will be established at 40 chains from the original section comer; the 
same quarter-section comer would be marked to control the sub- 
division of ^e adjoining section if the fraclioiial measurement is 
to be thrown in the same direction in both sections, otherwise an 
additional quarter-section comer marked to control the subdivision 
of the adjoining section would ordinarily be placed at 40 chains from 
the new section comer. 

218. Letimother assumption be made that adjacent to two estab- 
lished section lines, the rneridumal line of which is out of limits in 
aUnement, an outlying regular quarter section has been protracted 
as surveyed; then to complete the section, the new meridional line 
will be projected as a sectional guide meridian, in accordance with 
the usual niles, ordinarily with: quarter-section and section comers 
of maximum control at 40 and 80 chains, respectively. The new 
latitudinal section line would then be established on a true line 
between thp section cbmers, with one or two quarter-section comers 
as required; one marked tt> control the subdivision of the section 
nnder consideration will be required at 40 chains from the original 
section corner; the same quarter-section corner would be marked 
to control the subdivision of the adjoining section if the fractional 
measurement is to be thrown in the same direction in both sections; 
otherwise an additional quarter-section comer marked to control 
the subdivision of the adjoining section will ordinarily be established 
at 40 chaina horn, the new section comer. On the other hand, if 
the same conditionB be assumed with the exception that the original 
iaiU%»dii%iU seotioA line instead of the m«ridioaal line is foiund to be 
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defective in alinement, then tlid ii6# latitudinal section line inll 
have to be eetabliehed as a eeetikmid -c e trec tion liae, exactly in 
accordance with the rules already given for running such linee, 
ordinarily with section comer of mayimnm control at its inter- 
section with the new meridional section line, and <j[uarter-fiection 
comer of maarifmim control at mid-point. On the- new meridional 
section line one or two quarter-section comers nu^r be required; 
one marked to control the stibdiyision of the section iinder consid- 
eration will be established at 40 chains from the ordinal section 
com^; the same quarter-section comer may be marked to control 
the subdivision of the adjoining section if the 'fraddanal measure- 
ment is to bt placed in the same direction in the two sections, but 
if the fractional measurement is to be thrown in the opposite direction 
in the adjoining section an additional quarter-section comer marked 
to control the subdivision of that seqtion would ordinarily be re- 
quired at 40 chains from the new section comer. 

219. Many cases will arise in the fiel4 iXiinoIviBg' combinations 
of two or more of the above simple examples, in which instance 
the surveyor is advised to prepare a diagram illustrating the con- 
ditions found in the original survey, whereupon the new section 
lines may be shown with alinement in accordance with the usual 
rules fcHT subdividing towniships, noting that. the. new. Jiection lines 
are to be initiated at the previously established ori^pbal section 
comers, and that the length of the meridional boundary will depend 
both ux>on the regularity of the length of the opposite original merid- 
ional section line and upon. Jth.e alinement of .the previously estab- 
lished latitudinal section line; thereupon the surveyor may at once 
show upon hm diagram the positi6n of the nedessary qiiajter-section 
comers on the new section lines, all in conformity witih (he simple 
rules already stated. 

220. Oth^r instances will be found where haH sections are shown 
upon the original approved plat protracted ^ surveye<^ in some 
cases where only the opposite section line has not %een established 
and in other cases where parts of the adjacent its well as'the opposite 
section linel have not been estaUished. In case only one section 
line remains to be established, it will be located upon tike true line 
connecting the original section comers, regardless of bearing; the 
new opposite quarter-section comer marked to control. the subdi- 
vision of the stated section will be placed at mid-point, regardless 
4^ the length of the new section tine; the position of the quarter- 
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section comer zoarked to contioL ttie cubdi^ision of the adjoimng 
sectioii will depend upon the plan ol subdividing tl^e remaining 
public land. PartiaUy surveyed section lines wiU be completed 
by extension, the alinement of H^e same being governed by the 
usual rules for regular subdivision; the latitudkial or meridional 
position of the remaining section line (opposite to the half section 
protracted as surveyed) will usually be controlled by the i>osltiQn 
of the nearest original section comer, and the alinement of the same 
will depend «pon the usual rules for r^^ular subdivision; the new 
opposite quafternsection corner marked to control the subdivisum 
of the section containing such half section protracted^ as surveyed 
will be placed at mid-point in every case ; the position of the quarter- 
section comer marked to control the subdivision of the adjoining 
section will depend upon tiie manner of subdividing the remaining 
public land. 

221* Various other examples wiU be found where feactioDal areas, 
as along the north or west boundary of a township, are shown upon 
the original approved j^at protcacted SB surveyed. In all such 
instances the same rules, heretofore stated, may be applied, with the 
cdngle exception that a calculation must be made, based upon the 
• areas shown upon the original plat, of the theoretical lengths of all 
lines not established in the original survey. Such calculated distances 
will then control instead of the usual regular lengths of section lines 
as heretofore assumed; also, if such calculated distances count from 
two directions, apd irregularities are developed, the calculations 
must again be resolved into proportional distances to agree with 
actual measurements between the controlling points. 

222. On the accompanying diagrams are ehown various exagger- 
ftted examples of the manner of completing the survey of irr^ulai 
sections containing outlying areas protracted as surveyed, i&owing 
the application of the means necessary for the protection of the 
integrity of such areas. It is recognized that the general piindplea 
above set forth will not always permit the complete establishment 
and appropriate niarTring of all comers at the first determination of 
their locations, by reason of the fact that only the bringing up of the 
new surveys to be closed upon the completed units will develop 
the appropriate markings of the finished comer, but this need not 
impair the surveyor's confidence in his knowledge of necessary pro- 
cedure in the ioitiAtory work, to beirecognized and applied appio- 
priately when the new stn r Veys are brought up to their ^inmngw- 
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228. A difltdnctly diffdMnt daes. of partMl^ sa^eyed Bectiong is 
found along erroneous meander lines filiown u]^n approved plats ol 
fractional townships. 6uch sections ase never sublet to completiozi 
except as definitdy aathorized in the written special isflfTuctions 
furnished to the surveyor, as the approved plat must be held to 
represent coirectly a true meanderable body of water until proven 
otherwise to the satisfaction of the Department of the Interior, as 
intimated in Chapter I. Numerous instances are on leccrd, how* 
ever, where the evidence submitted to the Department is con« 
elusive that surveyors have etroneously classified overflowed lands 
as meanderable, or where the recorded meander line does* not and 
never did conform to the mean high-water elevation of an actual 
meanderable body of water, thus erroneously omitting considerable 
areas of land. The questions of title, to such areais are ecxtremely 
intricate, and it is the piactice of the Grei^eral Land Office not to 
allow any extension of such original surveys until the procedure has 
been definitely authorized by the Secretary of the Interior. The 
surveying problems arise only when the extension of the original 
survey beyond the meander line shown upon the approved plat has 
been duly authorized. - 

The reeBtablishment of the original meander line with a suitable 
monument at each angle point is a Usual accompaniment of the 
above class of surveys, the purpose being- to segregate definitely the 
previously surveyed areas from the unsurv^yed public lasads; it is 
more appropriate to consider the sunfeying questions thus involved 
along with, other problems relating to the reestiablishment of broken 
boundarieSyWhere the subject will be found in sec. 380,Chapter V. The 
next step in the field is to complete the partially surveyed sections 
and the procedtlre in practically every instance will be controlled 
by the rules already outHned in respect to the completion of the 
survey of sections containing outlying areas protracted as 8iu*veyed; 
it seems unnecessary to repeat the governing principle^ in such 
closely related cases. 

SUBDIVISION OF FRACtlONAL SECTIONS RESULTING FKOM 

FRAGMENT ART SURVEYS. 

224. The one best test of the fitness of a proposed method incident 
to the completion of partially surveyed sections will be found in 
platting the section for subdivision by protraction; thereupon the 
regular rules for subdivision of sections should be applicable. Thus 
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Fig. 65 (West half) 
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Fig. 65 (East he ff) 




fractjoiutl sections, and the completion of the sabdivlsional lines of a partial township 
fragmentary surveys. 
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the position of the new qttarter-sectioii oaraesm, established to con- 
trol the subdlviaon of a particular seciaan in question, mui^t be such 
as to permit the cent» lines from sadd points to the opposite ongiiial 
quarter-section comers to be connected in strict harmony with the 
conditions represented upon the original approved plat, disregard- 
ing the effect upon the subdivision of the newly surveyed public 
land. Likewise the lines connecting the sixteenth-section comen 
on the opposite boundaries of a qoarter sectkm must conform to tlie 
conditions represented upon the ariginal plat. When the subdi- 
vision-of-section lines are thus platted the section may be considered 
satisfactory if the integrity ol the odigiinal areas is in no way violated. 
When the subdivision-of-i^tion lines ore platted as suggested, the 
permanent conditions affecting the new freas may be considered, and 
should behonncHiifledwitfa the-lollewing additional rules: 

1st. The new areas should be complementary to the original areas 
by the extension of the sub division-of -section Unes as already pro- 
tracted u^n the original plat, exc^t as poorly shaped lots, or lots 
of too great or too Httle area^ would Tesult in violation of the r^^ular 
rules for subdivision of sections. 

2d. The same meridional limit may .be permitted, in the interest 
of regularity and simplicity of platting, as is ordinarily allowed in 
latitudinal section lines; 1 e., a section may 'be cofisidered regular 
whose boundary- lines are all for aHnement when not to exceed 21^ 
from a caisdinal course, an4 for measurement when not to exceed 25 
links from 40 chaiDs between the section and quarter-section comere. 
Such regular seotions may be subdiyid^ miifi r<»gular <|uarter sec- 
tions and quarter-quarter seetions as far as possibly. A section 
having three regular boundary lities may. be subdivided in accord- 
ance witl]| the usual rules for subdividing sedfons iak)ng the north 
and west lx>undaries of a normal tcrwnship.'* A section having two 
adjacent riegular boundary lines may be subdivided similarly to the 
manner in whidi section 6 of a normal {township is treated. All 
other sections should be treated as irregular, with sub^vision-of- 
section liiies protracted to mid-points on the boundaries of the 
quarter sections, except aa a calculated proportional positdon for 
a sixteenth-section comer' is made necessary by reason of canditiona 
relating U> the complementary area shown upon the original plat. 

8d. All 'new fractional lots will be numbered beginning with the 
next higher number in the series of the same section already begun 
upon the previously approved plat, and proceeding in the usual 
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order in which tectkmal lols utt nonxmlly numbered. The new 
series may begia^ with No* 1 in case the fractional parts of the original 
area are not designated by lot number. 

COMPLBTINa THB SUBDIVISION OF A PARTIAL TOWNSHIP RASTTLTINO 

FROM FRAQMISNTARY SURYBYS. 

225. After the partially surveyed sections have been fully 
completed the surveyor' n^ay proceed with the subdivision of the 
remaining porUouB of the township. Every' ocnditian represents 
a separate problem, and few specific rules would serve any purpose 
in guiding the surveyor to a definite procedure. If no iireg;ularities 
are to be found in the previously establii&ed Mnes the new survey 
may proceed normally, but if defective conditioDs are encountered 
the irregularities are not to be extended into unsurveyed sections 
any &rdier than necessary to incorporate the resulting fractional 
measurements into suitable fractional lots adjoining the former 
surveys. Preference should be given to extending all suryeys from 
south to north and from east to west, but if a better, control is 
available by reversing the procedure in one or both directions, 
thus resulting in a simpler and better survey in re8pe6t to mini- 
mizing the. number of extra conMrs as well as fractional ibts, such 
reversal of procedure is fully warrantedV The i»*inciple rating to 
controlling co<Srdinate measurements in two directions .at right 
angles, as along lihe south and east boundaries of a towns^Pi niay 
be applied to ihe eubdivisional Hnerbest suited to eontroljthe new 
surveys to be executed; ind, if the selected bases are defective in 
alinement, in whole or ih i)art, the new section lines mJEiy serve 
the function of- a sectioual guide meridian or a sectional correction 
line as required. The comeis from which the new surveys are to 
be initiated scad controlled in latitude and departure will be termed 
comeis of four sections, or of two sections as appropriate, and where 
the' terminal lines can not be connected r^ularly with the pre- 
viously established section comers by random and tme line not 
exceeding 2V from cardinal, a closiiig section comer will be 
established in full accord with the principle relating to the estab- 
lishment of closing section comeis on the north or west boundaries 
of a township where the latt€Qr lines are found to be defective in 
measurement. The fractional measurements of the closing section 
lines will be placed adjacent to the old surveys, and the distance 
from the closing section comer to the nearest original comer will 
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Fig. 66 (East ho/ f) 
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be measured; the or^inftl ^ee-forming tib« bcxtadary of the lands 
to be surveyed will be retraeed) as* akeady provided, and the zoarbB 
upon the origina} coiners wiO be appropriately tnodified aa necee- 
sary; new quarter-seotion com^n marked to control tbe subdivision 
of the new sections will be established on the original Iine$ at mid- 
points between the closing section comers, or at 4Q chains from one 
direction, according to the manner in which a new section is to be 
subdivided. 

There we genenUly two or more ways in which a fragmentary 
subdivifiion may be executed, but a careful study of a sketch plat 
representing existing conditions will generally reveal the superi- 
ority of one method over another, and objectionable results should 
be avoided as far as existing conditions relating to the original 
surveys will permit. • 

MEANDERING. 

226. All navigable bodies of water and other important riveis 
and lakes (as hereinafter, described) are to be segregated from the 
public lands at mean high-water elevation. The traverse of the 
margin of a permanent natural body of Water is termed a meander 
line. ■ ' 

The rmuung of meander lines has always been authorized in the 
survey of public lands fronting on large^ streams and other bodies of 
water, but the mere fact that an irre^ar or sinuous line must be 
run, as |n case of a reservation boundary, does not entitle it to be 
called a meander line except where it closely follows the bank of a 
stream or lake. The legal riparian rightf connected T^th meander 
lines do not apply in case of other-irre^ar lines, as tKe latter are 
strict boimdaries. 

Mean high-water mark has been defined in a State decision (47 
Iowa, 370) in substance as follows: High-water mark in the Missis* 
sippi River is to be determined from the river bed; and that only 
is river; bed which the river occupies long enough to wrest it from 
vegetation. In another case (14 Penn. St., 59) a bank is defined as 
the continuous margin where vegetation ceases, and the shore is the 
sandy sjpace between it and low-water, mark. 

Numerous decisions in the United States Supreme Court and 
many ol the State courts assert the principle that meander hnee 
are not boundaries defining the area of ownership of tracts adjacent 
to waters. The general rule is well set forth (10 Iowa, 549) by 
saying that in a navigable stream, as the Bes Moines River in low^. 
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lugfa^wat^ mark is 0ie boundary line. When by action of the 
water tbe river bed c]3uiuige9^ high-water inark changeB and owner- 
ship ol adjoiniag litnd progresses witii it. 

Meander lines wUl not be established at the aegregation Hoe 
between upland and swamp or <overflawed land, but at the ordinary 
high-water mark of the acjtual margin of the river or lake on whicji 
such swamp or overflowed lands boridfir. 

227. Practically all inland bodies of water pass through an 
annual cycle of diauges fom inean low water to food stages, 
between the extremes ol which will be foimd mean high water. 
In r^;ions of broken topography, especially where bodies of water 
are bounded by shai^ly sloping lands, the horizontal distance 
between the mailg^ of the various water elevations is compaza- 
tively slight, and the surveyor will not experieiice much difficulty 
in determinmg the horizontal position of mean high-water level 
with approxijnate accuracy; but in level regions, or in any locality 
where the meanderable bodies/Of w^ter are bordered by relativ^y 
flat lands, the horizontal distance between the successive levels 38 
relatively great. The surveyor will :5nd the most reliable indica- 
tion of mean high^^^t^r eleyatLo^ in the evidence made by the 
water's action at its various stages, which will generally be found 
well marked in the soil, and in timbered looAUtiea a very cer^in 
indication of the locus of the valio^s important water levels will be 
found in the belting of the native forest species. 

Mean high»water, elevation will be found at the mfugin of the 
area occupied by thf water fqr the greater portion of each average 
year; at this level a definite escaipment in the soil will generally 
be traceable, at the top of which is the true position for the surveyor 
to run the meander line- < A ftronounced escarpment, the result of 
the action of storpi and flood ivaters, will often be found above tikke 
principal water l^vel, and separated from the ,latt» by the stom 
or flood beach; aoot^^r less evident escarpment will often be found 
at the average low-water le'^^1, especially of lakes, tbe lower escarp- 
ment being sepairated foom the principal escarpment by the normal 
beach or shore. .While these quesljions properly belong to the reajboi 
of geology, they jediould not be overlooked m the survey of a meander 
line. 

Where native forest trees are found in abundance bordesting 
bodies of water, those trees showing evidence ol having grown iUiider 
favorable site couditioos will be found aecuxa|)ely bolted akmg 
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contour lines; thus a certain class of mixed varieties common to a 
particular region will be found only on the lands seldom if ever 
overflowed; another group of forest spedes will be found oa the 
lands which are inundated only a small portion of the growing season 
each year, and indicate the area which should be included in the 
classification of the uplands; other varieties of native forest trees 
will be found only within the zone of swamp and overflowed lands. 
All timber growth normally ceases at the margin of permancmt water. 

228. At every point where either standard, township or section 
lines intersect the bank of a navigable stream, or any meanderable 
body of water, comers at such intersections will be established at 
the time of running these lines. Such monuments are called mean- 
der comers. In the survey of lands bordering on tide waters, mean- 
der comers may be temporarily set at the intersection of the sur- 
veyed lines with the margin of mean high tide, but no monument 
should be placed in a position exposed to the beating of waves and 
the action of ice in severe weather. In all such cases a witness 
comer on the line surveyed, at a secure point near the true point 
for the meander comer, will be established. The crossing distance 
between meander comers on the same line will bef asc^tained by 
trianguhttion or direct measurement, and the full partiVnilars will be 
given in the field notes. ' ' 

229. Inasmuch 'as it is not practicable in public^land survey's to 
meander in such a way as to fbllow and reproduce all the minute 
windings of the hi^-water Hne, the United States Supreme Court 
has given the principles governing the use and purpose of meandering 
shores in its decision in a noted case (R. R. Co. v, Schiirmeir, 7 
Wallac^e, 286-287) as fellows: 

' ''Meander lines are run in 'surve^g fractional portions of the 
public landd bordering on navigable rivers, not as boundaries of 
the tract, but fdr the purpose of defining the sinuosities of the banks 
of the stream, and as the means of ascertaining the quantity of land 
in the fraction eubjefct to sale, which is to be paid fat by the pm- 
(^laser. In preparing the official plat from the field notes, the mean- 
der line is represented as the border line of the stream, and shows to 
a demonstration that the water-course, and not the meander line as 
actually run on the land, is the boundary." 

880* The surveyor will commence the meander line at one of 

the meander comers, follow the bank or shore line, and determine 

'the true bearing and measute the exact length of each course, from 



STBTEK OT RECTANGITIiAR SURVEYS. 216 

the beginmiig to the next meander comer. All meander courseiB 
are to be taken or counted from the true meridian and will be de- 
termined with predaion; "tiiansit angles'' showing only the amount 
of the deviation from the preceding coune are not acceptable in 
field notes of meanders. For convenience the cotuises of meander 
lines should be adjusted to the exact quarter degree; meauder 
lines are not strict boundaries and this method will give approxi- 
mate agreement with the minute sinuosities of mean high-water 
elevation. Again, for convenience of platting and ckmiputation, 
the surveyor is required to adopt turning points at distances of whole 
chainsy or multiples of ten links, with odd links only in the final 
course. 

In cases where the surveyor finds it impossible to carry his meander 
line along mean high-water mark, his notes should state the distance 
therefrom and the' obstacles which justify the deviation. A table 
of latitudes and departures of the meander courses should be com- 
puted before leaving the vicinity, and if misclosure is found, indi- 
cating error in measurement or in reading courses, the lines should 
be rerun. 

All streams flowing into a river, lake or meanderable bayou 
will be noted, and the width at their mouths stated; also, the posi- 
tion, size and depth of springs, whether the water be pure or min- 
eral; also, the heads and mouths of all bayous, all rapids and bars, 
will be noted, with intersections to the upper and lower ends of the 
latter, to establish their exact situation. The elevation of the 
banks of lakes and streams, the height of falls and cascades, and 
the length and fall of rapids, will be recorded in the field notes. 

The field notes of meanders will show the comers from which the 
meanders commenced and upon which they closed, and will 
exhibit the meanders of each fractibnal section separately; following, 
and composing a part of such notes, will be given a description of the 
adjoining land, soil and timber, and the depth of inundation to 
which the bottom land is subject. The utmost care will be taken 
to pass lio object of topography, oi* change therein, without giving a 
particular description thereof in its proper place in the notes of the 
meanders. 

RIVERS. 

231. Proceeding downstream, the bank on the left hand is termed 
the left bank and that on the right hand the right bank. . These 
terms will be universally used to distinguish the two banks of a 
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fiv^ or fltream. Navigable ri¥€V9 fkod bayous, as well as aU riven 
not embsaoed in the claae deooiwiaibed "navigable/' tbe nght- 
aogla width of which is 3 chaice aod upwards, will be meiih 
cleied <m both banks, at the ordinary mean high-water mark, by 
taking .^e general couises and distances of their sinuoeitieB. Birm 
Aot classed as navigable will not be meandered above the pomt 
where the average right-angle width is less than 3 chainsi except 
that streanw whidi are lees than 3 chains wide and which are bo 
deep, swift and .dangerous as to be impassable may be meandered, 
where good agricultural lands along the banks require their eepan- 
tion into fractional lots for the bene^t of settlers. 

Shallow fresh-water streams, without any well-defined channel or 
permanent banks, will not be meandered. Tidewater streams, 
whether more or less than 3 chains wide, should be meandered at 
ordinary hig^-water mark, as far as tidewater extends. 

LAXB6. 

. 232. The meanders of all lakes of the area of 25 acres and up- 
wards, will be commenced at a meander comer and continued, as 
above directed for navigable streams; from said comer, the courses 
and distances of the entire marg^ of the same, and the intersectioiis 
with all meander copiers established thereon, will be noted. 

In the case of lakes which are foimd to be located entirely within 
the boundaries of a section, a quarter-section line, if one crosses 
the lake, will be run from one of the quarter-section comers, on s 
theoretical course to connect with the opposite quarter-section 
comer, to the margin of the lake, and the distance will be measured; 
then at the point thus determined a "special meander comer*' will 
be established. If a meanderable lake is found to be located en- 
tirely within a quarter section, an "auxiliary meander comer" will 
be established at some suitable point on its margin, and a connect- 
ing line will be run from said monument to a regular comer on the 
section boundary. A connecting traverse line will be recorded, if 
one is run, but it will also be reduced to the equivalent direct con- 
necting course and distance, all of which will be stated in the field 
notes, and the course and length of the direct connecting line will be 
be shown on the plat of the survey. 

The meander line of a lake lying within the interior of a aection 
will be initiated at the established special or auxiliary meander 
comer, as the case may be, and continued around the margin of the 



Bomukl lake at its peaa, iiigh-wiMier leyel^ to a. closiii^ at the point 
of bi^inniag. All pfoceediiigB are to be fully entered in the field, 
notes. , 

ArtiScial lakes. and reservoirs are not to be segregated from the 
public laods^ unleaei specially pipvided in the iostmctions, but the 
true position and extent of sach bodies of water will be determined 
in the ^eld and shown on the plat. 

ISLANDS. 

233. In the progress of the regular surveys every island above the 
mean high-water elevation of any meanderable body of water, ex- 
cepting oaily those islands which may have formed in navigable bodies 
o! water after the date of the admission of a State into the Union, will 
be definitely located by triangulation or direct measurement or 
other suitable process, and will, be meandered and shown upon the 
official plat. 

In the survey of the mainland fronting on any non-navigable 
body of water, any island opposite thereto, above mean high-water 
elevation, is subject to survey. Also, even though the United 
States may have parted with its title to the adjoining mainland, an 
island in any meandered body of water, navigable or non-navigable, 
known or proven to have been in existence at the date of the admis- 
sion of a State into the Union, and at the date of the survey of the 
mainland, if omitted from said original survey, remains public land 
of the United States, and as such the island is subject to survey. 

The survey of islands not shown upon the oiiginal approved plats 
of subdivided townships is authorized by the Department only upon 
the receipt of lonaal a|)plication, and subject to the approval thereof. 
The proof of the time of the formation of such islands is often more or 
leee difficult, and it is the practice of the Department to make a 
careful examination of theihifilory of an island in relation to the 
question of ite legal ownership before approving the application for 
its survey. 

Any township boundary or section Une which will intersect an 
island will be extended as nearly in accordance with the plan of 
regular surveys as conditions will permit, and the usual township, 
secticm, quarter-sectioQ and meander conierB will be established 
on the island. If an island falls in two sections only, the line be- 
tween those x)artECular sections should be established in its proper 
theoretical position based upon suitable sights and calculations. 

55465 *»— 19 15 
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If an island UBb entirdy in one section, and is large enough to be 
■nbdivided (over 60 acrea in area), a anitaUe ai^ or calculatioD 
will be made to locate on the maigin of the island an intersecticD 
with the theoretical position of any suitable snbdivision-ol-flection 
line, and at the point thus detennined a '^special meander comer'* 
will be established. In the case of an ledaad fiaUing entirely in one 
section and found to be too small to be subdivided, an '^ auxiliary 
meander comer'' will be established at any suitable point on its 
maigin, which will be accurately connected with any r^^olar cor- 
ner on the mainland. The direct course and length of the connect- 
ing line will be given in the field notes, together with all sights, 
measurements, triangulations and traveise Hues upon which the 
calculation may be based. The course and length of the direct con- 
necting line will be shown on the plat. 

The meander line of an island will be surveyed in harmony with 
principles and rules heretofore stated; all township and section lines 
crossing the island will be shown on the plat; and, if the island is 
large enough to be subdivided, the subdivision will be accomplished 
by the protraction of suitable subdivision-ofHsection lines in their 
correct theoretical position. 

Agricultural upland within the limits of swamp and overflowed 
lands should be so classified and shown upon the plat accordingly, 
but such land will not be meandered as an island. 

UMITS OF CLOSURE. 

2d4. Under the general subjects of ''township exterioFB" and 
''subdivision of townships" certain definite limits were prescribed 
beyond which previously established surveys are classed as "de- 
fective," or in the case of new surveys corrective steps are required. 
Such limits constitute the standard of accuracy of the United States 
rectangular surveys, and, for convenience, have been variously re- 
ferred to as the "rectangular Hmit," "limit for the control of new 
survejrs," "hmit relating to defective exteriors and section lines," 
"limits for subdivision," etc., each expression having foem focmed 
to suit the descriptive exigency of the text. A more general re- 
quirement known as the "limit of closure" will be applied as a test 
of the accuracy of the ahnement and measurement of all claases of 
lines embraced in any closed figure incident to'the public-land sur- 
veys, and corrective steps will be required wherever this test dis- 
closes an error beyond the allowable limit. 
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The ^' error of closnre'' of a survey may be defined, in general 
terms, as the ratio of the length of the line representing the equiva- 
lent of the errors in latitude and departure (as found by a table of 
latitudes and departures) to the length of the perimeter of the figure 
constituting the survey; but, with due regard for the controlling 
coordinate governing lines of a rectangular survey, pronounced 
accuracy in latitude will not be permitted to offset gross error in 
departure, or vice versa, and, in order to be consistent with this 
fundamental theory, a double test must be applied in place of the 
one expressed in general terms. The "limit of closure" ^xed for 
the United States rectangular surveys may be expressed by the 
fraction -f\^ provided that the limit of closure in neither latitude 
nor departure exceeds ^J^, and where a survey qualifies tmder the 
latter limit the former is bound to be satisfied; thus an accumulative 
error of 12} links per mile of perimeter, in either latitude pr departure, 
will not be exceeded in an acceptable survey. The limit of closiire 
as thus expressed may be applied to various specific conditions as 
heretofore stated. 

The latitudes and departures of a normal section shall each close 
within 50 links; of a normal range or tier of sections, within 175 
links; and of a noniial township, within 300 links. The boundaries 
of each fractional section inducting irregular claim lines or meanders, 
or the meanders of an island or lake in the interior of a section, should 
close within a limit to be determined by the fraction ^^ when the 
error in either latitude or departure is considered separately; the 
same rule will be applied to all broken or irregular boundaries. 

Surveyors are required to compute all doubtful closings while in 
the field in the immediate vicinity of a particular line, or series of 
lines, in question, and to accomplish all necessary corrective work 
before concluding a survey. 

MASKING LINES BETWEEN CORNERS. 

235, The marking of a survey upon the ground in such a manner 
as to fix forever the position of the legal lines in relation to the 
earth's surface is the final step in the field work, and is accomplished 
in three ways, which, if well executed, will individually or collec- 
tively furnish the means of the identification of the survey at even 
remote future dates. Careful attention to these details is one of the 
most important phases of the si;rveyor*s field work, (a) The regular 
comers of the public-land surveys are marked by fixed monuments 
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of specified character as described in Chapter IV ; (b) the relation of 
the officially surveyed lines to natural topographical features is 
recorded in much detail as hereinafter outUned, and again exem- 
plified in the specimen field note^ and, (c) the locuif of the legal 
lines, wherever living timber is encountered, is plainly marked 
upon the forest trees, which is accomplished by the process of 
^'blazing" and by ''hack'' marks. 

A ' 'blaze " is an ax mark which is made upon a tree trunk at about 
breast height, in which a fiat scar is left upon the tree siu&K^e. The 
bark and a very small amount of the live wood tissue are removed, 
leaving a smooth surface which forever brands the tree. The size 
of the blaze depends somewhat upon the size of the tree, but is 
never made larger than the surface of an ax blade; a blaze 5 or 6 
inches in height and fzom 2 to 4 inches in width is ample to mark 
any tree. 

A ''hack " is also an ax mark which is made upon a tree trunk at 
about breast height, in which a horizontal notch is cut into the 
surface of the tree. The notch is made "V-shaped,'* and is cut 
through the bark and well into the wood. Two hacks are cut in 
.ord^ to distinguish those made in the survey from accidental marks 
resulting from other causes; a vertical section of the completed 

official hack mark resembles a " double* V^' (^) extending acroasa 

tree from 2 to 6 Inches in length, depending upon the diameter of 
the tree, liie ''hack" and "blaze'' marks are equally permanent, 
but so different la character that one mark should never be mistaken 
for the other. 

The marking of trees along the surveyed lines was required by 
law as positively as the erection of monuments, by the act of 1796, 
which is still in force. All lines on which are to be established the 
legal comers will be marked after this method, viz: Thoee trees 
which may be intersected by the line will have two hacks or notches 
cut on each of the sides facing the liae, without any other marks 
whatever. These are called sight trees or line trees. A sufficient 
number of other trees standing within 50 links of the line, on either 
side of it, will be blazed on two sides quartering toward the line, in 
order to render the line conspicuous, and readily to be traced in 
either direction, the blazes to be opposite each other coinciding 
in direction with the line where the trees stand very near it, and to 
approach nearer each other toward tllfe line the farther the line passes 
from the blazed trees. 
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Due care will ever be taken to have the lines so well marked as to 
be readily followed , and to ctit tbe blazes plainly enon^ to leave 
recognizable scats as long as the trees stand. This can be accom* 
plifihed by blazing jnst through the bark into the live wood tisNnie. 
Where trees 2 inches or more in diameter occur along a line, the 
required blazes will not be mnitted. Where trees have branches 
growing to the ground, the bla^ses will be (»mtted unless it is neces- 
sary to remove th^ branches to permit sighting. 

Lines are sAbo to be marked by cutting away enough of the under- 
growth to facilitate correct sighting of in^ruments. Where lines 
cross deep wooded valleys, by sighting over the tope, the usual 
blazing of trees in the low ground when accessible will be performed, 
that settiers ntay find their proper limits of land and timber without 
special survey. The undergrowth will be especially well cut along 
all lines within distances of 5 chains of comer monumenffcs and withia. 
2 chains of arteries of travel, to^enable other mirveyors and settlers 
to locate the survey readily, but the cutting of' the undergrowth 
may be omitted in deep untmveted rardnes unless necessary for 
accurate sighting or measurement. 

Line trees and blazing will be marked only with reference to the 
established true line, ^d^wlMtre'lines are run by the '^randomand 
true" line method, the marking of line trees and the blazai^ will be 
accomplished by returning over the line alter all corrections or ad- 
justments to the final line are definitely known . A sufficient number 
of temporary stalces -should be set along a ratidom Ime to render it 
generally unnecessary^ to rerun the true line instramentally merely 
for the purpose of blae&ing the line through timber, as this can usually 
be accomplished by properly esthnating the distance from the 
t^nporary stakes, but ititersections with line trees will be made with 
precision, and distances thereto accumtely measured. 

SUMMARY OF OBJ[ECTS TO BE NOTED, AND SKETCHES. 

236. The field ndtes and' plat of a survey ^XQ designed to furnish 
not only a technical ^repord of. the proccidyfe, but also of equal im<^ 
portance a report- upon tibbe chftracter.of thi» land, soil and timber 
traversed by tbteejuxiriay^ and ^ detailed schedule, of the topographicajL 
featured along every line, with ^^iciematd icKmnections showing the 
mlation of' this f rectangular suvmssi to other surveiys, to juitural 
objects and : to improvements* >. A triple purpose is thus serv^: (a) 
the technical proeedttre is m^e. a.msvtter of official record; (&) 
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general infonnation relating to a region is gathered; and, (c) the 
''calls" of the field notes and the representations of the plat in 
respect to objects along the surveyed lines furnish important evi- 
dence by which the locus of the survey becomes practically un- 
changeable as contemplated by law. 

The specimen field notes and plats are int^ided to standardize 
the form of record, and many special matters relating to these sub- 
jects are brought together in Chapters YUl and IX, but before 
concluding the spedal questions concerning rectangular surveyB 
it is deemed expedient to outline the technical and t(^)ographiad 
features which are to be carefully observed and recorded in the 
field during the progress of the public-land surveys: — 

1. The precise course and length of every line run, noting all 
necessary ofbets therefrom, with the reason for making them, and 
method employed. 

V 2. The kind and diameter of all bearing trees, with the course 
and distance of the same from their respective comers, and the 
markings; all bearing objects and marks thereon, if any; and the 
precise relative position of witness comers to the tme comers. 

3. The kind of material of which comers are constmcted, their 
dimensionB and markings, depth set- in the ground, and their 
aecessorids. 

4. Trees on line. The name, diameter and distance on line to all 
trees which it intersects, and their markings. 

5. Intersections by line of land objects. The distance at which 
the line intersects the boundary lines of every reservation, town- 
Bite, or private claim, noting the exact bearing of such boundary 
lines, and the precise distance to the iiearest boundary comer; the 
center line of every railroad, canal, ditch, electric transmission line, 
or other right-^f-way across public lands, noting the width of the 
right-of-way and the precise bearing of the center line; the change 
from one character of land to another, with the approximate bearing 
of the line of demarcation, and the estimated height in feet of the 
tiscents and descents over the principal slopes typifying the topog- 
raphy of the country traversed, with the direction of said stiopes; 
the distance to and the direction of the principal ridges, spurs, 
divides, rim rock, precipitous cliffis, etc. ; the distance to where tine 
line enters or leaves heavy or scattering timber, with the approxi- 
mate bearing of the margin of all heavy timber, and the distance 
to where the line enters or leaves dense undergrowth. 
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6. Intwectiona by line of water objects. All unmeandeied 
liveiB^ creeks imd smaller water-couraeip which the line crosses; the 
distance measured on the true line to the center of the same in the 
case of the smaller streams, and to both banks in the case of the 
laiger streams, the course downstream at points of intersection, and 
their widths on line^ if only the center is noted. All intermittent 
irater-couises, such as ravines, gulches, arroyos, draws, dry-drains, etc. 

7. The land's surface; whether level, rolling, broken, hilly or 
mountainous. 

8. The soil; wheth^ rocky, stony, gravelly, sandy « loam, clay, 
etc., and also whether first, second, third or fourth rate. 

9. Timber; the seiveral kinds of timber and undergrowth, in the 
order in whidi they predominate. 

10. Bottom lands to be deaoribed as upland or swamp and over- 
flowed, as oontradistiaguished under the law, noting the extent and 
approximate i)osition of the latter, and depth of overflow at sear 
sonal periods.. The 8egregat;Lon of ^ands fit for cultivat^n without 
artificial .dnuiuige> f n>m the swamp and overflowed lands, where the 
latter are subject to selection by the States, is always accomplished 
by legal subdivision, and any smallest legal subdivision is classified 
as all upland or all swamp and overflowed land accordingly as movQ 
than hsM of .the s%me may be of the; character of the one or of the 
other class of lands; bottom lands will be classified with special 
considpiation to these matters. 

IL Springs of water, whether fresh, saline, or mineral, with the 
course of the stream flowing therefrom. The location of all streams, 
springs, or wat^holes^ , which because of their environment may 
be deemed to be of value in co^^^ction with the utilization of public 
grazing lands, and which may be designated as public watering 
places, wi}l be> specially noted. . 

12. Lfhkes and ponds, describing their banks, tributaries and out- 
let, and wfaetheri the water is pure or stagnant, deep or shallow. 

13. Iipprovem^its; towns and villages; post offices; Indian occu- 
pancy ;.housep qr cabkuB, fields, or other improvements, with owner's 
name; mineral claifns; millnedtes; United States mineral monuments^ 
and all other official monuments not belonging to the system of 
rectangular surveys; will be located by bearing and distance or by 
intersecting bearings from given points. 

14. Coal l^aiiksor beds, all ore bodies, with particular description 
<^ Ijbie. same as to qi^ality and extent; all mining surface improve- 
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ments and undeiigToimd workinge; and salt licks. All reHable in- 
formation that can be obtained respecting these objects, whether 
they be on the line or not, will appear in the general description. 

15. Roadd and trails, with their directions, whence and whither. 

16. Rapids, cataracts, cascades, or falls of water, in their approxi- 
mate position and estimated height of their fall in feet. 

17. Stone quarries and ledges of rocks, with the kind of stone they 
ildford. 

18. Natural curiosities, petrifactions, foflsilSy organic remains, etc.; 
also all archaeological remains, such as cliff dwdlings, mounds, 
fortifications, or objects of like nature. 

19. The general aven^ of the magnetic declination in the town- 
ship, with maximum known range of local attraction and other 
variations, will be stated in Hie general description, and the genera] 
average for the township, subject to local attraction, will be shown 
upon the plat. 

20. Genanl description, — ^The above information will be summar- 
ized by townships in a general description which will be made the 
concluding part of the field notes of every survey. The general 
description will be made to embrace many more compr^ensive de- 
tails in regard to the characteristics of the region than is feasible to 
6over as an iatimate part of the technical recQrd"^f the enrvey, as 
fdlows: — 

Land. — ^A general outline of the drainage' and topographical fea- 
tures of the township and approximate range of elevation above sea 
level. 

8<yiL — The prevailing and characteristic soil tyx)€B;' (See special 
felerence to soil classification, Ohap. VII;) 

Tmher, — ^The predominant forest species, age, size, condition, etc. 

Evidence of mineral, — ^All known bodies of minerdcf, and lands 
wlkwe formation suggests mineral-bearing characteristics, especially 
with reference to lands of volcanic or igneous origin, wilt be listed 
by appropriate legal subdivision, with brief description of the min- 
eral indicat]K)ns. On the Other hand, if the surveybr -findff no ap- 
parent indication of mineral dei>osit8, a re|)ort te.tbat ^fi^t will be 
embodied in the genexul description. 

Watenng places ^ — The' areas embracing all streams, springs, or 
water holes as may be of special value as public ' watering places, 
in connection with the utilization of public gta^i):]qg kmds, will be 
listed tyy appropriate legal subdivision, with bri6f description ol^e 
nature of such water supply. 
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Settlement, — The extent of the settlement at the time of the Borvey . 

Industry, — ^The industrial possibilities of the township, especially 
as to the adaptability of the region to agricultural pursoits, stock 
ndfiiDgy lumbering, mining, or other profitable enterprise. 

Special. — All exceptional steps in the technical process of the 
snrvey, and other special matters required in paragraphs Nos. 1 to 
19, inclusive, of the above summary, not otherwise suitably recorded 
w^ be reported in the general description. 

In addition to the field notes the surveyors are required to prepare, 
as the work progresses, an outline diagram showing the course and 
length of all established lines with connections, and a topographical 
sketch embracing all features usually shown upon the completed 
official township plat. These maps will be made to scale, drawn in 
pencil only, if desired, and will be kept up with the progress of the 
field work. The interiors of the sections will be fully completed; 
the toi>ographical features will be sketched with care while in the 
view of the surveyor, and the position within the section of the 
various details which are to be shown on the completed plat will be 
located with an accuracy conunensurate with their relative impor- 
tance. The design of the specimen township plat will be followed 
closely in the preparation of the outline diagram and topographical 
sketch plat, except that it will generally be desirable to employ 
a separate sheet for each of the two purposes. These maps will 
then form the basis of the official plat, the ultimate purpose of 
which is a true and complete graphic representation of the public 
lands surveyed. 



.1 



l' 



CHAPTEE IV. 

CORNER MONUMENTS. 

THE LEGAL SaQliSV%CAH€X OF A COBNKK MONUMENT. 

237. It is one of the fundamental principles of the surveying laws 
that absolute permanency be attached to the public-land surveys 
when the lines have been oflScially established. The "survey " em- 
braces certain definite technical procedtu-e, heretofore described, 
also tlie marking of certain fixed points, as will be described in this 
chapter, though the establishment of a survey may not be termed 
"completed" imtil the field notes and plat ind every detail of the 
technical operation constituting the survey have been finally ac- 
cepted by the (Commissioner of the General Land Ofi5ce, all as con- 
templated by law. The law provides that the original comers 
established during the process of the survey shall forever remain 
fixed in position, even to disregarding technical errors in the execu- 
tion of the survey — ^where discrepancies may have passed undetected 
prior to the acceptance of the survey and the opening of the lands 
to entry — and, as an aid to the matter of permanency, the Congress 
provides for the purchase of durable material for the comer monu- 
ments, also, a penalty for the defacing of any marks relating to the 
locus of the survey. If it were possible to carry out the full intent 
of the surveying laws in regard to the aforementioned particulars, 
the most intricate of all technical and legal problems relating to sur- 
veys — ^the questions pertaining to the reestabliflhment of lost cor- 
ners — ^would be avoided. 

The courts attach major importance to authentic evidence relating 
to the original position of an ofl5cial coiner monument; such evidence 
being given far greater weight than the technical record relating to 
bearings and lengths of lines, and it is assumed in the first instance 
that the original comers shall serve every necessary purpose for the 
identification of the survey delineated upon the bfiScial approved 
platy and of the lands which have passed into private ownership. 
The legal significance of the original monuments; as thus briefly 
outlined, makes it mandatory ui)on the surveyor to exercise con- 

227 
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stant diligence in the workmanlike construction of lasting comen, | 
and alertness in skillfully connecting the same with natural objects 
or improvements, to the end that the greatest possible i)ennaiiency 
may be secured for the public-land surveys. 

288. Accordingly, if a surveyor is called upon to alter the con- 
dition of a previously established point, the utmost regard should 
be shown for the evidence of the original location of the monument, 
and the comer will be Gainfully reconstructed by such additional 
means as may be appropriate, without destroying the evidence which 
served to identify its legal position. A complete record will be kept 
of the description of the old monument as identified, and all altera- 
tions and additions thereto. 

239. R^^tion monuments are employed to mark permanently 
the position of the quarterHsection, section, township and meander 
comers, appropriate to the subdivision of the public lands, as de- 
scribed in Chapter III; also at such sixteenth-section comers as the 
requirements o( the written spe^cial instructions or the exigencies of 
the survey of fractional sections may demand; also at all angle points 
along an irregular boundary lin^e, and at intermediate intervals of 
40 and 80 chains along such limiting boundary. A more extended 
discussion of the subject of ''angle points" and other monunients to 
be established upon irregular boundaries will be found in Chapter VII. 

240. The position of every comer monument will be "evidenced " 
by the best of such accessories as may be available, and where the 
comer point itself can not bp marked in the usual manner an 
appropriate "witness comer" will be established. A "witnees 
meander comer" will be established jupon secure ground wherever 
the intersection of a surveyed line with the mean hig^-water ele- 
vation of a meanderable body of water falls at a point where the 
monument would be liable to destruction. 

241. The field notes relating to the e^blishment of a comer 
monument will be introduced into the technical record of the survey 
at the logical place in the record where tjie tme position for the 
comer is. indicated as having been attained. The record of the 
moniunent itself will embrace a description of: 

. (fl) The comer material, including its dimen^ns, in the order 
of length and diameter of an iron^poat; gr length, width and breadth 
of a stone; or the' breast b^ei^it diam^eter of a tree; (b) the depth 
set in the ground, with mention of additional; support if any; 
(c) the significance of its position; (d) the marldngs upon the noionu- 
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ment;. and (e) the nattu'e of the aoceeeorles, including character^ 
size, position and markings. 

CORN1SR MATERUL. 

2^42 • The General Land Office has adopted a model iron post for 
mouumenting the • public-land surveys, which will be generally 
used, unlees exceptional circumstances warrant a departure from 
this rule. This practice is deemed so important that the surveyor 
is not; authorized to exercise an option in the matter^ but he may 
refer tlie question to the proper supervising officer, who may grant 
authority for the use of other suitable material, provided the reasons 
for departing from the general rule are sufficient, in which case a 
brief statement of the facts will be given in the i&eld notes, in the 
form of an explanation as to why the model iron posts were not 
enaployed. 

Th.e model iron post is made from commercial iron pipe, from 1 to 
3 iiieb.es in diameter, which is cut into lengths of about 36 inches; 
one end of the pipe is split for a distance of about 4 or 5 inches, and 
the t^KTo halves are spread (when heated) to form flanges or foot plates, 
at right angles to the axis of. the pipe; a brass cap is securely riveted 
to the opposite end of the pipe; and finally the pipe is filled with 
concrete. Unless otherwise provided in the written special instruc- 
tions, the iron posts will be employed as follows: 3*inch, for statulard 
and closing township comers, comers of one, two or four townshsfn, 
and as required for mile comers and angle points of special bound- 
ary surveys; 2-inch,< for standard and closing section comers, and 
corners of one, two or four sections; and, 1-inch, for quarter-aeo- 
tion and mesnder comers, and as required for miscellaneous angle 
points, sixteenth<«ection comers and comers of special tract surveys. 
All ijvitness comers are to be of the same size as would be used for 
the true comer. 

24r8* The caps of the iron posts are to be suitably and plainly 
marked with steel dies at the time when used; the posts will be 
set in the ground about three-fourths of their length; and earth and 
stone, if the latter is at hand, will be tamped i into the excavation 
to give the post a solid anchorage. 

^^^. Durable native stone may be substituted for the model iron 
post, if the procedure has been duly authorized, but no stone wiQ 
be tised which measures less 'than 20 inches in length, or less thaa 
6 inches in either of its minor dimensions, or less than 1,000 cubic 
inches in volume. A stone should always be selected with regard 
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to its durability when exposed to the usual weathering influences. 
Stone will not be used as a comer monument where its position faHs 
among laige quantities of loose surface stone or slide rock. 

245. A stone will be suitably and l^bly marked with a steel 
chisel or punch with such letters, figures, grooves or notches, as 
may be required, and will be set firmly in the ground about three- 
fourths of its length. 

246. Both iron post and stone monuments will always be set 
the usual depth in the ground unless it is impossible to complete 
the excavation, in which case the monument will be planted as 
deep as conditions will permit, and the necessary support will be 
secured by a stone mound. 

247. Where the comer point falls upon solid surface rock, pre- 
venting excavation, a cross (X) will be cut at the exact comer point, 
and, if feasible, the monument will be erected in the same position, 
supported by a large stone mound of broad base, so well constructed 
that it will possess thorough stability. 

248. Where the comer point falls exactly at the position occupied 
by a sound living tree, which is too large to be removed, the tree 
will be appropriately marked for the comer. 

WITNESS CORNERS. 

249. Where the true point for a comer falls within a road'way in 
such a place as to interfere wilii travel, a marked (X) stone -will be 
deposited in the gnnmd at the true eomer point and a witness comer 
will be established at some suitable posnt^ preferably on a surveyed 
line, outside of the roadway. 

260. Where the true point for a comer falls upon insecure ground, 
or in an inaccessible place, such as witiiin an unmeanctered. stream, 
lake or pond, or in a marshy or upon a preci|»tou8 slope or cliff, a 
witness comer will be established at some suitable point, preferably 
on a surveyed. line, whoe the monument may be permanently 
constmcted.' 

251. The surveyor will be expected to ^xdrdse his best judgment 
in selecting the position lor a witness comer, with a view to afford- 
ing a definite and convenient connection from the witness ccMnaer to 
the true point for the monument,, for use in subsequekit surveys to 
recover the l^;al position of the true comer. Extra effort will be 
exerted to accomplish the permanent establishment of a monument 
at its true comer pdnt, wherever this is feasible, in order to avoid 
as much as possible the confusion to settlers and others caused by 
witness comers. 
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21^2. Only one wilaien camia wiU be estebliihed In each insfakicey 
and tlM same wiH be placed upon any one of the eurveyed Imee lead^ 
lug to a comer, if a suitable place, within a distance of 10 chains, is 
available, butif tiiere is no secure pkce to be found on a surveyed 
line within the stated Bimting distance, the witnees comer may be 
locate^bi any direction within a dLsitance of 5 chains. On the other 
hand, if there is no suitable place within the latter radius, one or 
more l^;al subdivisions will be eliminated from the survey as pro- 
vided in Chapter VII. 

258. All of the lines of a survey will be completed in the regular 
manner, if the true point for a comer is accessible, but where the 
true point can not be attained, a Hne connecting therewith may be 
returned as surveyed if the same has been completed by the pro- 
jection and measurement of a suitable offset or traverse, resulting 
in a closed figure which approaches the true point for a monument 
within the limit prescribed for the establishment of witness comers* 

254. The field notes will show every detail of the relation of a 
witness comer to the true point for a monument, and the direct con- 
nectijig course and distance will be shown upon the plat of the survey* 

MARKING COSNXltS. 

255. All classes of comer monuments are to be marked in accord- 
ance with a system hereinafter described which has been devised to 
furnish a ready identification of the character and position of the 
monument which bears the marks. Capital letters and Arabic figures 
are employed to mark iron post and tree comers, while upon stone 
comers certain additional marks termed ''notches" and ''grooves" 
are employed to convey the same information, but to lessen the labor 
incident to the marking process. The letters and figures upon a 
monument are designed to relate to the township, range and sec* 
tion to which the comer belongs; the notches and grooves upon a 
stone monument relate — ^in the case of an exterior comer— to the 
normal number of miles from the monument to the adjoining town- 
ship comers, and — in the case of a subdivisional comer — ^to the nor* 
mal number of miles from the monument to the township boimdary 
lines, as hereinafter described, thus furnishing the means of ascer- 
taining the appropriate section numbers. 

256. All marMngs should be accomplished neatly, distinctly and 
durably; an;d the marks are to be carefully arranged. An assort- 
ment of steel dies, chisels, pxmches and timber scribes, in perfect 
condition for use, should always be at hand. 
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-tt7« A wit&esB oomdr and its aoeeaKirieB wiU be conatnicted umI 
msrked similwly to a regular earner £or which it stands, with tin 
additional letters *^W 0" to mgiaf^ '^witnesB ccarner." 

£58. The following schedule is an index of the ordinary laarkingB 
oommoa to all classes of comers and accessories: — 



BCarks. To indicate. Karkai 

A M C Auxiliary meander cor- K 

ner. S 

A P Angle point. S 

B O Bearing object. S C 

BT Bearing tree. S£ 

C Center. SMC 

CC Closing comer. SW 

E East. T 

M Mile. TR 

M C Meander comer. W 

N North. • WC 

NE Northeast. W P 

NW Northwest. i 

PL Public land (luunnv ^ 

veyed). 



To indicate. 

Kange. 

Section. 

South. 

Standard comer. 

Southeast. 

Special meander comer. 

Southwest. 

Township. 

Tract. 

West. 

Witness comer. 

Witness point. 

Quarter section. 

Sixteenth section. 



MASKS ON IRON POBT MONHMBNTS. 

259. The marHngs upon the brass cap of an iron post should alwa}? 
be made to read from the south side of the monimienty and all iron 
posts will be marked with the year number at the date when estab- 
lished. 

260. Standard tovmsMp comers are to be marked "S C" and the 
township on the north half, and the ranges and sections in the proper 
quadrants; as for example: 

SO 

T25N 

«I7E|RI8£ 

S36[33l 

1916 

261. Closing Uywnship corners are to be marked "C C " on the haJi 
from which the closing line approaches the monument, with tlie 
township (or range) on the same half, and the ranges (or townships ' 
and sections in the proper quadrants; also (as far as known at the 
time) the township, range and section, or the initials or abbrevia- 
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tdonof the State, MtienFt.tioii, gnmt or {»iy^ ckam, upooi which 
the township exterwctoes; a3 Jor 0j»wf)h; 



T25N R17E 
S36 



SI 
^I7E 



56 

Rise 



f24N 
S3^ 



T24N 

CC 

1916 



T 



T24W 
RITE 
931 



QC 



UTAH 



Idl6 



T20N 

RI20W 

S32 



CC 



35 
TI9N 
1916 



262. Comers ccmmon to four townships are to be marked with tiie 
townships on the north and south halves, the ranges on the east and 
west halves, and the sections in the four quadrants; as for example: 



TtSH 



RITE 



31 



R18E 
S3I 



S$ 



•«**^i^» 



T22N 
191.6 



268. Comen common to two townships oidy are to b» marked with 
the township (or range) common to both on the propei; Jmlf , and the 
ranges (or townships) and sections in the proper quadrants; also (as 
far as known at the time) the township, range and section upon the 
opposite half ; as for example: 



T3N 

R7W 

S36 


SI 
T2N 



T2N 
R6W 
S6 



1916 



TI4S 
R7W|R6W 
S 36 { S 31 

TI5S R7 W SI 
1916 



264. Comers referring to one township only are to be marked with 
the township, range and sectioji in the particular quadrant which Is 
concerned; also (as far as known at the time) the township, range 
and section upon the opposite part; as for example: 



T20N R5W 
531 



T»9N 

R6W 

SI 



T23fl 

RI9W 
S36 



T22 



T35N 

R44E 
S3l 



1916 
66465*-- 19- 



N R19W 
Si / 
1916 



T34N R43E 
SI 
1916 



16 
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265. Standard $ecHon camar8 are to be marked ''S G" and tho 
township and zange on the north half, and the aectionB in the proper 
quadrants ; as for example : ^ 



sc 


T25N 


RITE 


S35 


Sd^ 



1916 

266. ChHng section comcra are to be marked ''C G" and the 
towBfihip and range on the half from which the closing line approaches 
the monument, and the sections in the proper quadrants; also (as 
far as known at the time) the township, range and section, or the 
initials or abbreviation of the 8tate, reservation, grant or private 
claim, upon which the section line closes, with the exception that 
in the case of an interior cdorang sectaon comer, the township and 
range numbers will not be repeated f as for example: 



T25N RI7E 
S35 



TR48 



S2 

T24N 



Si 
Rf7£ 



926| 
TI2N I 



CC 
1916 



S25 

R5W 
CC 
ld<6 



ste 



TI4.N 
SIO 



515 

Rice 

1916 



'CC 



267, Comers common to four sections are to be marked: (a) On 
an exterior, with the township (or range) common to the adjoining 
townships, the ranges (or townships) upon the opposite sides of the 
exterior, and the sections; and (6) a subdivisional comer, with the 
township, range and sections; all appropriately «et forth as follows: 



T25N 



RITE 
S 12 



SI3 



RISC 
57 



T26N 
5 35 



52 



sre 



R»7E 
536 



T2)5N 
S23 



51 



5 26 



T2SN 
1916 



RI7e 
524 



525 



1916 



1916 



268. Sectwn comers common to two sections only are to be marked 
with the township and range on the half facing the sections to which 
the comer belongs, and the sections in the proper quadrants; also 
(as far as known at the ticae) the township, range and section upon 
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he opposite half, except that in the case of an interior comer, the 
ownship and range numberBTnll not be repeated; as for example: 

TI4S 



TI4S 
S12 


SI3 
RI7C 



RISE 



T27N 
S3I 



RI7W 
332 



T14S 
SK) 



R20W' 
Sll 



S7 



ISI6 



T26N RI7W 
S 6 
1916 



SI4 
1916 



269. Section comers referring^ to one section only are to be marked 
rith the township, range and section in the particular qisadraot 
rMch is concerned; also (if known at the time) the section upon 
he opposite part; as for example: 



SfO 



T84N 

R73W 

5t6 

1916 



T27N 

RI6W 

SI7 




S 


20 
916 



S28 



TS7N 

R63W 

S34 

1916 



270. Standard qumter-section comers are to be marked "S C J'* 
tad the section, all on the north half; as for example: 

SO 
is 36 



1916 



271. Quarter-section comers ofrnxiximum control are to be marked 
o) on a meridional line, *'i" on the north, and the sections on the 
ast and west halves; and, (6) on a latitudinal line, *'J'^ on the 
rest, and the sections on the nortibi and south halves; as for example: 



S 13 I S IS 

1916 



i 



S 21 

S 28 
1916 



272. Quarter-section comers of minimum control are to be marked 
'}" and the section, all on the half toward the particular section 
rhich is concerned; as for example: 



i 54 
1916 



iSI6 
1916 



is 7 

1916 
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273. Meander comers are to be marked '^M C " on the half to^rud 
the meanderable body of water, and the additional marks (a) on a 
standard parallel or other line controlling surveys to one side only, 
"with the township, range and section toward the surveyed land; 
(5) on an exterior, with the township (or range) common to the 
adjoining townships, the ranges (or townships) upon the oppoeite 
sides of the exterior, and the sections; and, (c) on a subdivisionil 
line, with the township, range and sections; all appropriately set 
forth as follows: 



MC 




MC 



1916 




T24N 




RI7W 



T23N 
S35 

S2 
T22N 
1916 



MC 



MC 



T23N 
S35 




MC 



RI7W 



S26 
T2SN 



S25 
Ri7C 



1916 



T25N 
S26 



RI7E 
S25 



MC 
1916 



MC 





274* TJie interwr quarter-section and all sixUenth-eection cometi 
when required by the written special instructions, are to be markel 
in accordance with the scheme shown in the following diagram: 
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f 3** 




. AS* 


r-— --- 


-- wA 

* S36 


— — q-- 


cl 

'• 636 




1916 




1916 








1 




1 


A- 


1 








1 








1 


»4 

S35 S3C ---- 


_^ NWJbsSS 


41 
-'- Nik S36 


N^i*^ 


I91ft 


I9tft 


c 
1916 


1916 




r 
1 


1 
f 


\ 




1 


1 


1 




1 


1 


i . 




1 


1 


1 


r^***" "•■ 


-c*'*t — 


Ck S36 


.^* 




5 36 


1916 


S36 




1916 




n)6 




1 
1 


1 
1 


\ 




1 


1 


1 




1 


1 


1 




1 


4 


1 


SJSJSM 

l»J6 


016 


.c 

— S4|S36 

C 
1916 


^^ SC4636 

"*""" 1916 








I 








t 








1 








i 


L 


- wii*t — 


I. 


e4'^ 




. . SI 




"si 




ai6 




Hit 



I 

1 
I 
I 
I 

"> 

i;36 S3| 
J9I6 



s4 

S36|S3| 
1916 



J 



275. Sixteenth-section comers of minimum control are to be marked 
with a key letter (N, E, S or W), to indicate the position of the 
monument, and ''t*^" and the section, all on the half toward the 
particular section which is conoemed; as for example: 



-w- 



N 



•w- 



4i 



S36 



3 



1916 



Eli 
S 22 

1916 



Key 
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276. Special meander comers are to be marked in accordance with 
the following scheme: 

Key letters (N, E, S, W or C) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

I — w— c— E — I 



N 

I 
c- 



w- 



N 

I 



nn 



Key 



The marks *'S M € " will be placed on tiie half toward the mean- 
derable body of water, and the section on the opposite half, as for 
example: 






30/SMC 

1916 

277. Auxiliary meander comers will be marked ''A M C" and the 
■township, range and section; as for example: 

AHC 

T64N R37Vy 

S29 

1910 

278. Closing subdivision 'Of- section comers are to be marked in 
accordance with the following scheme: 

Key letters (N, E, S, W or C) will be used in pairs to indicate 
the position of the subdivision - of - section line. 

■W— c — E — -1 



N 

I 

c- 

I 



n 



■N 

I 
C 

I 

■s 



— C— E 1 

Key 
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The aiarks '*C C " and the section will be placed on the hall irom 
'which the closiDg line approaches the monument. 

(The marks ''B I R" indicate "Blackfeet Indian Reservation.'') 
PL PL Pt/cc 

£ ^ cA— c 

/S28 
CC|S28 CC|S28 ' BIR 

^ C 1916 

Bl'^ BIR 

1316 1916 

PL 7CC o. /CC 




^'- /CC PL/CC 



19.6 ^"^ 

»9I6 1916 

279* Markings for miscellaneoufl angle points along irr^ular 
boundaries: 

T27 h/ For "angle point No. 4 " on the 

s 13 \t^^ boundary of the "Blackfeet In- 

Ri7w\ ^^^^ Reservation/' falling on 

1916 surveyed land. 

For ' ' angle point " on the south 
boundary of section 33, super- 
seding an old standard comer on 
■^^yi a defective line, not subject to 

rectification. 

T16N R7e: For ''angle point No. 2" on 

y^P2 the boundary of a private claim 




SI4 



TR 37 ' ("Tract No. 37 ") falling on sur- 
19^6 veyed land. 

For "angle point No. 12" on 

\ a reestablidied meander line ; the 

aA^j®^ marks "A P» and the serial 

^/ sia number will be placed on the 

19,0 half toirard the land omitted 

from the original survey. 
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280. Marldi^ for intennediate comers aloiig^ irregular boun 

139 M For ''139th mile comer" on 

N MEX the boundary line between the 

TEXAS States of "New Mexico and 

1916 Texas." 

For "3d mile comer" on the 
boundary of the "Blackfeet In- 
dian Reservation/' falling on 
unsuryeyed land. 

For *' 13th mile comer" on the 
r boundary of the "Blackfeet In- 
dian Keservation/' falling on 
IS96 surveyed land. 

MARKS ON STONE MONUMENTS. 

281. Where a stone monument is established the letters, figures, 
and grooves will be cut on the exppsed faces or sides of the stone, 
but not on its top or end; the notches will be cut upon the exxMDsed 
vertical edges. Grooves are employed where the faces of a stone 
are oriented to. the cardinal directions, and notches where the vertical 
edges are turned to. the cardinal poiots* All marks. will be made 
from 1 to 1} incbes in aize» and will be plainly and permanently 
chiseled into the stone. 

282. Standard township comers (oiianted with the faces to the 

cardinal directions) are to be marked "S G " on the north face, with 

the township on the same £ace» and the ranges on th# adjoining faces; 

as for example: 

S 2^ N on N,, 

18 E " E., and 

17 E " W. face. 

288. Closing townMp oofMts (oriented with the faces to the 
cardinal directionB) are to be marked "0 0" and with six (or fewer) 
grooves on* the &ce irOm which the closing line approaches the 
monument-Hihe grooves to indieate thie normal nimiber ol miles 
(or fractional parts) from the monument to the adjoining township 
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comer — ^with the towns]ii{> (or raiige) <m the same iace, aini the 
ranges (or towimhipe) on the adjoining fftces; also the initii^ or 
abbreviation of the State, reservation, grant or private claim, on 
the face toward such irtei^ar tract as may be closed upon; as for 
example: 

. 20NonN., 
€ 120 W and 5 grooves (on line between sections 

5 and 32) on E., 

19 N on S., and 
UTAH " W. face. 

284. Comen cammum tofovr taufnskipa (oriented with the edges to 
the cardinal points) are to be marked with the townships on the 
northeast and southwest faces, and the ranges on the southeast and 
northwest faces; as lor examjde: 

23 N on NE., 
U E *S SE., 
22 N " SW., and 
17 E " NW. face. 

2S5* Corners common to two tovmships only (oriented with the 
faces to the cardinal directions) are to be marked with the town- 
ship (or range) common to both on the face toward tile townships, 
and li^ rangee (or townships) on the adjoining laces; aa l<^ example: 

, 3 N on N., 
2 N " S., and 
7 W " W. face. 

286. Comers referring to one townsMp only (oriented with the 
edges to the cardinal points) are to be marked with the township 
and range on the face toward the particular township; as for 
example: 

23 N 7 W on NW. face. 

289. Standard section comers (orimited with the faces to the car- 
dinal directions) are to be marked '*S 0" on the north lace, and 
with from end t6 five greoteBOn the east and west faces, the grooves 
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to indicate, respectively, the number of jmlee from the monument to 
the adjoining (regular) township comer; as for example: 

SConN., 
1 groove on £., and 

5 grooves on W. face (standard comer of sec- 
tions 35 and 36). 

28S« Closmg $ection comers (oriented with the faces to the cardinal 

directions) are to be marked '^ C '' and with from one to six grooves 

on the face from which the closing line approaches the monument, 

and from one to five grooves on each of the adjoining faces — ^the 

grooves to indicate the niunber of miles (or fractional parts) from 

the monument to each of the three (regular) township boimdan' 

lioes in the same directions, respectively— also the initials or 

abbreviation of the State, reservation, grant or private daim, on 

the face toward such irregular tract as may be closed upon; as for 

example: 

2 grooves on E., 

C C and 6 " " S., and 

4 ** ** W. face (on line between sec- 
tions 2 and 3 dosmg 
on a standard par- 
aUel). 

280. Comers common to four sections (oriented with the edges to 
the cardinal points) are to be marked (a) on an ei^t&iior, with from 
one to five notches each on two opposite edges, north and south on a 
meridional line, and east and west on a latitudinal line, each to 
indicate, respectively, the number of miles from the monument to 
the adjoining (regular) township comer; and (b) a subdi visional 
comer, with from one to ^ve notches on, the east and south edges, 
each to indicate, respectively, the number of miles from the monu- 
ment to the (regular) east and south township boundary lines; the 
subdivisional section comers of a fractional township will be marked 
with reference to the theoretical position of normal east and soutli 
boimdaries, whether surveyed or not; as for example: 

2 notches on N. mid 4 notches oa S* edge (lor eomer ol sec- 
tions 7, 12, 13 and 18 en a range lixie). 
2 notdieson £. i»wl 4 n^tch^s on W. edge (fw coiner of sec- 
tions 2, 3, 34 and 35 on a township line). 
2 notches on E. and 4 notches on S. edge (for comer of sec- 
tions 10, 11, 14 and 15 of a subdivisional survey). 
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290. Section comers common to two sections oniy (oriented leith 
the edgeb to the cardinal points) are to be marked with the sections on 
the faces toward the particular sections to which the oonier belongs; 
as for example: 

S 13 on SW., and 

S 12 '' NW. face (for comer of sections 12 and 13 on the east 

boundary of a township). 
S 11 on N£., and 

5 10 *' NW. face (for comer of sections 10 and 11 of a subdivi- 

sional survey running north from the mon- 
um^it). 

291. Section comers referring to one section only (oriented with 
the edges to the cardinal points) are to be marked with the section 
on the face toward the particular section which is concerned; as for 
example: 

S 17 on NW. face (for southeast comer of section 17). 

292. Standard quarter-section comers (oriented with the faces to 
the cardinal directions) are to be marked ''S }" on the north face. 

298. Qtuxrter-section comers of maximum control (oriented with the 
faces to the cardinal directions) are to be marked (a) on a meridional 
line, "i" on the west face; and (6) on a latitudinal line, "J" o^i ^^^ 
north face. 

294. Quorter-section comers of minimum control (oriented with the 
faces to the cardinal directions) are to be marked "}'' and the sec- 
tion, all on the face toward the particular section which is con- 
cerned; as for example: 

J S 4 on S. face (for quarter-section comer on the north boundary 

of section 4). 

295. Meander comers (oriented with the faces to the cardinal 
directions) are to be marked '^M C" on the face toward the mean- 
derable body of water, and with from one to six grooves on each of 
the other faces, each to indicate the number of miles (or fractional 
parts) from the monument to the (regular) township boundary line 
in the same direction, respectively; as for example: 

M C on N., 

6 grooves ** E., 

4 " " S., and 

6 " " W. face (for meander comer of fractional sections 

13 and 18, on the south side of a meander- 
able body of water). 
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8M. Special and auxiliary meander comers (oriented with tbetfaces 
to the caidiiial directums) ue to be marked ''S M 0" or ''A M €/' 
as the case may be, on the face toward the meanderahle body d 
water, and the section on the opposite face; as for example: 
SMConN., and 

S 19 *' 8. face (&>r special meander comer on a meridional 

subdivision-of-section line in section 19, 
on the south side of a meanderable body 
of wat^). 
8 20 on E., and 

A M " W. face (for auxiliary meander comer in section 20, 

on the east side of a meanderable body of 
water). 

MARKS ON TREE MONUMENTS. 

297. Where the true point for a comer is found to fall in the posi- 
tion occupied by a sound living tree, which is too lai^ to be removed, 
the tree will be made the monument. A tree will be removed if it 
is too small to be marked, and a witness comer will be established 
in preference to marking an unsound tree, if the latter can not be 
removed. 

298. The species of the tree and its diameter, breast height, will 
be noted, where a tree is to be made a monument, and the appro- 
priate marks will be made upon the trunk of the tree immediately 
above the root crown. A series of marks to be made upon a particu- 
lar side of a tree will be scribed in a vertical line reading downward. 

299. In the case of certain trees, including the aspen, beech and 
locust (smooth, thin and permanently barked from sapling fo ma- 
turity), the marks may be made preferably by scribing well into the 
bark and cambium (or live wood tissue) without blazing; the marks 
thus made will remain and be visible as long as the tree is sound; 
on the other hand, in the case of practically all rough barked trees, 
the marks should be scribed into a smooth, narrow, vertical blaze, 
specially prepared by removing just enough of the outer growth to 
expose a flat surface of the live wood tissue immediately under- 
neath the bark; the marks thus made will remain as long as the tree 
is Bound, but the blaze and marks will be covered by a gradual over- 
growth, showing an outward scar for many years. In regions sub- 
ject to heavy snowfall it is desirable to make a small additional 
blaze at a height of 6 or 8 feet above the ground, which will serve 
to attract attention to the tree during the winter season. The ends 
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<rf air blazes should be smoothed off gradually without mating a 
sharp cut into the cambium. The lower end of ihe blaze upon 
which I3ie marks are placed should be about 6 inches above the root 
crown, and its length should be just sufficient to take the maifei. 

The practice relating to the manner of marking trees, as above 
outlined, is designed to cause the least possible injury to the tree, 
by enabling a rapid overgrowth; also, to place the marks in a position 
where they will remain on the stump if the trunk should be re- 
moved. Various practices have obtained in the past in different 
localities, some of which are objectionable by causing unnecessary 
injury to a tree, or on account of the marks being placed in a position 
where there is danger of their removal with the trunk in case the 
tree is cut down. 

300. The above theory applies equally to the marking of bearing 
trees, and the surveyor is advised, when making retracements, re- 
surveys, etc., not to remove the overgrowth on a tree monimient or 
bearing tree unless it is absolutely necessary to do so in order to 
identify positively the particular tree. In the case of trees which 
have been blazed before marking, the number of rings contained in 
the overgrowth (or its equivalent on the adjoining section of the 
tree) will f ui^h an exact count of the number of years (one annual 
ring for each growing season) from the date 6f original marking to 
the date when uncovered. After an old blaze has been uncovered, 
conditions are favorable for the decaying process to set in, and the 
surveyor should adopt additional means to e\idence the position 
of the comer. 

301* Standard tovmahip earners are to be marked '^S 0" and the 
township on the north side, and the ranges and sections <m the eaflt 
and west ddes; as for example: 

SCT25N onN., 
R 18 E S 31 " B., and 
R 17 E S 36 " W. side. 

802. Closing township comers are to be marked **C C" and the 
township (or range) on the side from which the closing line ap- 
proaches the monimient, and the ranges (or townships) and sections 
on the adjoining sides; also the initials or abbreviation of the State, 
reservation, grant or private claim, on the side toward any irregular 
tract which may be closed upon; as for example: 

R 18 E S 6 on E., 
CCT24N *' S.,and 
R 17 E S 1 " W. side. 
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808. Comers common to/ovr toumships are to be marked with Hie 
township and eecdon on the northeast and southwest sides, and the 
range and section on the aoutheast and northwest sides; as for ex- 
ample; 

T 23 N S 31 on NE., 

R 18 E S 6 '* SE., 

T 22 N S 1 " SW., and • 

R 17 E S 36 " NW. mde. 

804. Comers common to two tovmMps only are to be marked with 
the township, range and section on the sides toward the particular 
townships; as for example: 

T2NR7WS lonSW.,and 
T3NR7WS36 ** NW. side. 

805. Comers referring to one township only are to be marked with 
the township, range, and section on the side toward the x>articular 
township which is concerned; as for example: 

T 23 N R 7 W S 36 on NW. side. 

806. Standard section corners are to be marked ''S 0" and the 
township and range on the north side, and the sections on the east 
and west sides; as for example: 

S C T 25 N R 17 E on N., 

S36 **E., and 
S35 "W. «ide. 

807. Closing section comers ate to be marked ^'0 O" and the 

township and range on the side from which the closing line approaches 

the monument, and the sections on the adjoining sides; also the 

initials or abbreviation of the State, reservation, grant or private 

claim on the side toward any irregular tract which may be cloeed 

upon; as for example : 

S 1 on E., 

C T 24 N R 17 E ** S., and 

S2 *• W.side. 

808. Comers common to fowr sections are to be marked (a) on an 
exterior, with the township (or townships), ranges (or range) and 
sections; and (&) a subdi visional comer, with the township, range 
and section; all appropriately set forth as follows: 

T25NS 7onNE., 
R 18 E S 18 '' SE., 

R 17 E S 13 ** SW., and 

S12 " NW.side. 
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T 26 N S 36 an NE., 

R 17 B S 1 " SE., 

T 26 N 8 2 " 8W., and 
8 36 " NW.side. 

T26N824QnNE., 
R 17 E 8 25 '* SB., 

8 26 " SW., and 

8 23 " NW.dde. 

809. Seetian comeri common to two sections only are to be marked 

nth the tovmd^dp and section and the range and section on the 

ides toward the particular sections to which the comer belongs; 

19 for example: 

T 14 8 8 11 on NE., and 

R 20 W 8 10 " NW. side. 

810. Section comers referring to one section only are to be marked 
rlth the township, range and section on the side toward the par- 
dcular section which is concerned; as for example: 

T 27 N R 16 W S 17 on NW. side. 

311. Standard quarter-section corners are to be marked ''8 i" 
ind the eection, all oa the north side; as for example: 

8 C i B 36 on N. side. 

312. Quarter-section comers of maximum control are to be marked 

a) on a meridional line, "i" and the section on t2ie west side, and 

he section on the east side; and (&) on a latitudinal line, '^i^' and 

lie section on the north side, and the section on tlie south side; a^ 

or example: * 

8 18 on E., and 

iS13 ** W.side. 

i S 21 on N., and 
8 28 " 8. side. 

818. Quarter-section comers of minimum control are to be marked 
' i '' and the section, all on the side toward the particular section 
v'hich is concerned; as for example: 

i 8 7 on E. side (for quarter-section comer on the west boundary 

of section 7). 

314. Meander corryers are to be marked ''M " on the side toward 
ihe meanderable body of water, and the additional marks (a) on a 
itandard parallel or other line controlling surveys to one aide only, 
^th the township, range and section on the side toward the sur- 
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veyed land; (&) on an exterior, -with tihe township (or range) common 
to the adjoining townships on the side opposite the meanderable 
body of water, and the ranges (or townships) and the sections on 
the adjoining sides; and, (c) on a subdivisional line, with the town- 
ship and range on the side opposite the meanderable body of water, 
and the sections on the adjoining sides; as ion: example: 

M C on E., and 

T25NR17ES33 '' NW. side (for meander comer on ft 

standiffd .pamllel, on the 

■ . w«0t side of m a^eftiider- 

able body of ^i^i^er). 
T 24 N on N., 

R 18 E S 18 " E., 

. M C " S., and 

. E 17 E S 13 ** W. side (for meander comer on a xange line. 

on the north side of a meanderable 

body ol water). 
T 23 N S 35 on N., 

M C '* E., 
T 22 N S 2 " S., and 

B 17 W *' W. side (for meander comer on a township 

line, on the west side of a mean- 
derable body ol water). 
S 23 on N., 
T 25 N R 17 E " E., 

S 26 " S., and 

M C '' W. side (for meander comer on a lati- 
tudinal section line, on the 
east side of a meanderable 
body of water). 
M C on N., 

S 9 " E., 
T 4 N R 7 W " S., and 

S 8 " W. side (for meander comer on a meridional 

section line, on the south side ci 

a meanderable body of water). 

815* Spedal and atmliary Tneander comers are to be marked 

**S M C" or **A M C", as the case may be, on the side toward the 

meanderable body of water, and the section gd. the opposite aide: 

as for example: 
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S M on E., and 

S 14 '' W. side (for special meander comer on a latitudinal 

subdivision-of-section line in section 14, 

on the west side of a meanderable body 

of water). 
A M G on N., and 
8 9 '' S. side (for auxiliary meander. C(»iier in section 9, 

on the south side of a meanderable body 

of water). 

CORNER ACCESSORIES. 

810. The purpose of a comer accessory is to evidence the pofiition 
of the original moniunent. A connection is made from the monu- 
ment to fixed natural or artificial objects in its immediate vicinity, 
whereby the former may be relocated from the latter, thus in the 
event of the destraction or removal of the comer monument, its 
original position may be identified as long as any part of the acces- 
sories remains in evidence. The accessories consist of three general 
classes, one or more of which are to be employed at each and every 
comer established in the public-land surveys, preference being 
given to the same in the order of their permanency conditional 
ux>on the character of the ground in the locality of the monument, 
as follows: 

(a) Bearing trees, or other natural objects such as notable cli£Es 
and boulders; permanent improvements; and memorials; (6) mound 
of stone; and (c) pits. 

81 7. The surveyor can not perform any more important service 
in connection with his official duties than to employ whatever 
means may be necessary permanently and accurately to evidence 
the location of the legal comers established in his survey, and where 
the usual accessories, or combinations of the same, can not be em* 
ployed, such other means should be adopted as will best serve the 
purpose. 

818* The accessories for witness comers will be the same as though 
the comer were established at its tme point, but the marks upon 
the bearing trees or other objects will be preceded by the letters 
"W C", and the section number will be made to agree with the 
section in which the tree or object actually stands. 
55405*— 19 17 
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BEARING TREES, BEARING OBJECTS, AND MEMORIAIiS. 

819* Bearing trees, or other natural objects, are to be selected 
for markiiig when the same are available within a distance of 5 
chains of the comer monument, and where the regular quota, here- 
inafter described, is not available, one tree or object will be marked 
in each section affording such accessory. A full description of the 
tree or object wiA be embodied in the field notes as a part of the 
record of the comer monument. One tree, or object, will be marked 
in each section cornering at the monument, when availabley and the 
true course and horizontal distance from the exact comer point to 
the center vertical axis of the tree at its root crown, or to the croes 
(X) upon a marked object, will be carefully det^mined and 
recorded with the description of the tree, or object, and its marks. 
The species of a tree and its diameter, at breast height, will be 
recorded; and, in the case of a cliff or bowlder, the descri(>tion wiD 
embrace such essential details as may be necessary to serve for its 
ready identification. 

820. The marks upon a bearing tree will be made upon the side 
facing the comer and will be scribed in the manner already outlined 
for marking tree comer monuments. The marks will embrace the 
information suggested in the schedule hereinafter given, with such 
letters and figures as may be appropriate for a particular comer, and 
will include the letters " B T " ; a tree will always be marked to agree 
with the section in which it stands, and will be marked in a vertical 
line reading downward, ending in the letters "B T" at the lower 
end of the blaze approximately 6 inches above the root crown. 

821. There is a great difference in the longevity of trees, and in 
their rate of decay, etc. ; trees should therefore be selected, if possible, 
with a view to the length of their probable life, their soundness, 
favorable site conditions and size. Sound trees from 6 to 8 inches 
in diameter, of the most hardy species, favorably located, are to be 
preferred for marking. Trees less than 4 inches in diameter will 
not be selected for marking if larger trees are available, and it is 
generally better to avoid marking fully matured trees, especially 
those showing signs of decay. Trees lees than 4 inches in diameter, 
if no better trees are available, will be marked with the letters 
'*B T'' only. The species, size and exact position of the bearing 
trees are of vital importance, as this data will generally serve to 
identify a bearing tree without uncovering the marks, or even to 
identify two or more stumps after all evidence of the marks has 
disappeared. 
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822. Generally only one tree will be marked in each section at 
a particular comer, but in certain instances, hereinafter described, 
two trees are required in a section. In such cases it is better to 
select trees of different species, or of widely different size, direction 
or distance, if the trees are of the same species, in order that confusion 
may be avoided in the future identification of a remaining tree where 
the companion tree has disappeared. 

323* A cross (X) and the letters **B 0" and the section number 
will be chiseled into a bearing object, if it ia of rock formation, 
and the record should be such as to enable another surveyor to 
determine where the marks will be found. 

324. A connection to any permanent artificial object or improve- 
ment may be included in this general class of comer accessories. 
The field notes should be explicit in describing such objects, and 
should indicate the exact point to which a connection is made, as 
"southwest comer of foundation of Smith's house," "center of 
Smith's well," "pipe of Smith's windmill," etc. No marks will be 
made upon private property. 

325. In every case where it is impossible to make a single connec- 
tion to a bearing tree or other bearing object, as above described, 
and where a mound of stone or pits are impracticable, a suitable 
memorial will be deposited at the base of the monimient. A memo- 
rial may consist of any durable article which will serve to identify 
the location of the comer in case the monument is destroyed. Such 
articles as glassware, stoneware, a marked (X) stone, a charred 
stake, a quart of charcoal, or pieces of metal will constitute a suit- 
able memorial. A full description of such articles will be embodied 
in the field notes wherever they are employed as a comer accessory. 

MOUND OF STONE. 

326. Where native stone is available and the surface of the 
ground is favorable, a mound of stone will be employed as an ac- 
cessory to a comer monument, provided that a full quota of trees or 
other bearing objects can not be utilized. A mound of stone erected 
as a comer accessory will be built as stably as possible, will consist 
of not fewer than ^ve stones, and wiQ be not less than 2 feet 
base and 1 J feet high. In stony ground the size of the mound will 
be suflSciently increased to make it conspicuous. The position of 
the mound will be as shown in the schedule hereinafter stated, and 
the nearest point on its base will be separated about 6 inches distant 
from the monument. The field notes will show the size and posi- 
tion of the mound. 
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BST-w Where it is necessary to support a monument in a stone 
mound, no additional mound will be employed as an accessory; and, 
if bearing trees or other objects are not available, a marked (X) 
stone or other memorial will be deposited at the base of the monu- 
ment. 

PITS. 

828. Where the full quota of trees or other bearing objects are 
unavailable for marking, the position of the monument will, under 
certain favorable conditions, be evidenced by pits. No pits should 
be dug in a roadway, or where the ground is overflowed for any con- 
^siderable period, or upon steep slopes, or where the earth will wash, 
or in a loose or light soil, or where there is no native sod, or where 
suitable stone for a mound is at hand. 

A firm soil covered with a healthy native sod is most favorable 
for a permanent pit. Under such conditions the pits will gradually 
fill with a material slightly different from the original soil, and a new 
species of vegetation will generally take the place of the native 
grass; these characteristics, under favorable conditions, make it 
possible to identify the original location of the pits after the lapse 
of many years. 

329. All pits will be dug 18 inches square and 12 inches deep, 
with the nearest side 3 feet distant from the comer monument, 
oriented with a square side (and not a corner) towards the monu- 
ment, arranged as shown in the schedule hereinafter given; the 
earth removed will be scattered in such a way that it will not again 
fill the pits. A description of the pits will be embodied in the 
field notes, and will include, in every instance, a statement of their 
size and position; this is particularly important in view of the 
fact that the practice herein outlined differs materially (in the inter- 
est of simplicity) from that set forth in earlier editions of the Manual. 

ARRANGEMENT AND MABEING OF GOBNEB ACGBSSOBIBS. 

830. Standard tovmship comers. 

Standard section comers. 
Two bearing trees, one in each section north of the standard 
parallel, each marked " S C " and the township, range and section; as 

T 25 N R 18 E S 31 S C B T. 

Mound of stone, north of comer. 

Three pits, one each on line north, east and west. 
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381. Closing township comers. 

Closing section comers. 

Two bearing trees, one in each section to the right and left of the 

cloeing line, each marked '^0 C and the township, range and 

section; as 

T24NR18ES60CBT. 

Mound of stone, on the closing line. 

Three pits, one on the closing line and one each to the rigbtand 
left on the line closed upon. 

8S2. Comers eonrnum tofowr townships. 

Four bearing trees, one in each section, each marked with the 
towitahip, range and section; as 

T22NR17ES1BT. 

Mound of stone, south of comer. 
Four pits, one each on line north, east, south and west. 
S88* Comers common to two t&umshipsonly. 
Two bearing trees, one in each section cornering at the monument, 
each, marked with the township, ran^e and section; as 

T2NR7WS1BT. 

Mound of stone, on the line between, the two townships cornering 
at the monument. 

Three pits, one each on .the three lines connecting at the 
monument. 

384. Comers re/erring to one tonmship only. 

Two bearing trees, both in the township cornering at th e monument, 
each marked with the township, range and section; as 

T 23 N R 19 W S.36 ^. 

Mound of stone, in the township cornering at the monument, at 
45^ from cardinal direction at the monument. 

Two pits, one each on the two lines connecting at the monument. 

835. Comers common to four sections. 

Four bearing trees, one in each section, each marked vdth the 
township, range and section;^ as 

T 26 N R 17 E S 35 B T. 

Mound of stone, west of comer. 

Four pits, one in each section northeast, southeast, southwest and 
northwest. 

836* Section comers common to two sections only. 

Two bearing trees, one in each section cornering at the monument, 
each marked with the township, range and section; as 

T 14 S R 17 E S 12 B T. 
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Mound of Btone, on the line between the two sections comezing at 
the monument. 

Two pits, one in eadi section at 45^ from cardinal direction at the 
monument. 

887. Section comen nfming to one ucticn ordy. 

Two bearing trees, both in the section cornering at the monument, 
each mariced with the township, range and section; as 

T 27 N R 16 W S 17 B T. 

Mound of stone, in the section cornering at the monument, at 45° 
from cardinal direction at the monument. 

Two pits, one 3 feet and one 6 feet distant, both in the section cor- 
nering at the monument, at 45^ from cardinal direction at the monu- 
ment. 

888. Standard quarter-section comers. 

Two bearing trees, both north of the standard pazallel, each marked 
*'\" and *'B C" and the section; as 

} 8 36 8 C B T. 

Mound of sto^e, north of comer. 

Two pits, one esch on line east and west. 

839* Quarter-aection comers of maximum control. 

Two bearing trees, one in each section, each marked ''}" and the 

section; as 

i 8 16 B T. 

Mound of stone: (a) On a meridional line, west of comer; and, 
(6) on a latitudinal line, north of comer. 

Two pits, one in each direction on the line passing through the 
monimient. 

840. Quarter-section comers of minimum control. 

Two bearing trees, both in the particular section which is con- 
cerned, each marked *^i** and the section; as 

J S 7 B T. 

Motmd of stone, in the particular section which is concerned, in a 
cardinal direction from the monument. 

Two pits, one in each direction on the line passing through the 
monument. 

841. Meander comers. 

Two bearing trees: (a) On a standard parallel or other line con- 
trolling surveys to one side only, both in the particular section 
which is concerned; and (6) on aU other lines, one in each section 
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to the right and left of the line; all marked ''M G" and with the 
toTvxLflhip, range and section; as 

T 26 N R 14 E S 32 M C B T. 

Mound of stone, on the surveyed line on the opposite side of the 
monument from the meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the surveyed line 
on the opposite side of the monument from the meanderable body 
of water. 

842. The interior quarter-BeetUm and all aixteenth-^ectUm comers^ 
wl&en required by the written Bpedal instructions. 

Two bearing trees, marked (with letters and figures ending in 
*'B T'') as shown in the following diagram: 

Mound of stone, in a cardinal direction from the monument, as 

shown (with symbol ** .^ ") in the foUowing diagram: 

Two pits, in a cardinal direction from the monument, as shown 
(with symbol ** o ") in the following diagram: 
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848. Sixteenth-section comers of minimum control. 

IVo bearing trees, both in the particular section which is coih 
cemed, each marked with a key letter (N, E, S or W) to indicate 
the position of the monument, and **^" and the section; as 



a 



I — w. 



n 

N 



N ^ S 18 Br 



J 



Key 



Mound of stone, in the partieular section which is concemed, in 
a cardinal direction from the monument. 

Two pits, one in each direction on the section line passing through 
the monument. I 

844. Special and auxiliary meander comers. 

Two bearing trees, each marked '' S M C " or f ' A M C/' as the cflse 
may be, and the section; as 

S 14 S M B T, or 
S 14 A M C B T. 

Mound of stone, on the opposite side of the monument from tiM 
meanderable body of water. 

Two pits, one 3 feet and one 6 feet distant, on the opposite side d 
the monument from the meanderable body of water. 

845* Closing suMivision^f'Section comers. 

Two bearing trees, both in the particular section which is oon- 
cemed, each marked *'C C and the section; as 

S 9 C B T. 

Mound of stone, on the closing line. 

Three pits, one on the closing line and one each to the right and 
left on the line closed upon. 

846* Miscellaneous angle points dUmg irteguUxr boundaries. 

(a) Two bearing trees, where the monuments are less than 1 mile 
apart, one on each side of the boundary; and (5) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked '^A P" and a serial or section number, 
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or both, also the initialB or abbreviation of the State, reservation, 
giant, private claim or public land, as appropriate; as 

A P 2 TR 37 B T, and 

A P 8 14 B T (for "angle point No. 2" on the boundary 

of a private claim "Tract No. 37 " fall- 
ing on surveyed land). 

Mound of stone, on the medial line between the boundary lines 
intersecting at the monument, and in the direction toward the S^ate, 
reservation, grant or private claim. 

Two pits, one in each direction on the lines intersecting at the 
monument. 

847. Intermediate camera along irregular boundaries. 

(a) Tw6 bearing trees, where the monuments are less than 1 mile 
apart, one on each side of the boundary; and (&) four bearing trees, 
where the monuments are 1 mile or more apart, two on each side of 
the boundary; each marked with the number of the mile or half- 
mile comer and the letter "M'' (to indicate "mile comer''), and 
the initials or abbreviation of the State, reservation, grant, private 
claim or public land, as appropriate; as 

47 M COLO BT, and 

47 M OKLA BT (for "47th mile" comer on the boundary 

line between the States of "Colorado" 

and "Oklahoma"). 

Mound of stone, on a line at right angles to the boundary, and in 
direction toward the State, reservation, grant or private claim. 
Two pits, one in each direction on the boundary. 



CHAPTER V. 

RESTORATION OF LOST CORNERS. 

IDENTmCATION OF EXISTENT CORNERS. 

S48. It is the purpose of this chapter of the Manual to outline 
the guiding principles which are to be observed in the identification 
of existent comers, and thereafter to set forth the particular rules 
which are to be applied in the recovery of the position of lost comers 
originally established in the execution of the United States rec- 
tangular surveys. 

All surveyors, whether employed by the United States or not, 
are cautioned to note the difference between the regulations per- 
taining to the establishment of the original surveys of the public 
lands and those relating to the subsequent identification of said 
official surveys and the replacement of missing moniunents thereof. 

In the extension of the rectangular surveys it devolves upon the 
United States surveyor to identify the initial lines of his group and 
to replace all lost comers thereof. On the other hand in the sub- 
division of sections and in the location of property lines generally, 
it iaUa to. the county or other local surveyor to identify the official 
comers, and where a required comer is missing the local surveyor 
will be called upon to recover the point. Thus it will be seen that 
local as well as United States surveyors are constantly called upon 
to search for existing evidence of original monuments, and in this 
work the surveyors will be guided by the same general methods. 
Should the search for a monument result in failure, the appropriate 
restorative surveying process to be observed by either surveyor will 
be based upon the same rules as hereinafter outlined, llie text 
that follows draws no distinction between the duties of the two 
classes of surveyors. 

849. The terms '^ comer" and ''monument" are used largely in 
the same sense, though a distinction should be noted to clarify the 
subject matter of this chapter. The term '^ comer" is employed 
to denote a point determined by the surveying process, whereas the 
"monument" is the physical structiure erected for the piupose of 
n»^rlriTig the comer point upon the earth's surface. 

269 
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850. An existent comer is one whose position can be identified 
by comparing the evidence of the monument or its accessories on 
the ground, with the record contained in the field notes of the 
original survey, or where the point can be determined otherwise 
by suitable testimony. 

851. The process of again bringing to light the physical evidence 
of an original monument is founded on the principle of intelligent 
search for the calls of the field notes of the original survey, guided 
by the controlling influence of known points. The problena 
incident to the search are vastly simplified whenever a retracement 
may be projected from known points, and the final searcli for a 
monument should cover the zone surrounding one, two, three or 
four temporary points as may be determined by connections with 
known comers in one, two, three or four directions, according to 
the niunber of points which will ultimately control the relocation 
in case the corner in question should be declared lost. 

852. The character of the original monument is the most impor- 
tant factor in regard to its lasting qualities, and the' search should 
be directed to an examination for such evidence as may reasonably 
be expected to remain. The evidence is bound to range from 
that which is least conclusive to that which is unquestionable, and 
the requisite support of corroborative evidence is necessary in 
direct proportion to the uncertainty of any feature regarding whose 
authenticity there may be danger of dispute. 

A stone, wooden post, tree comer, deposit comer, and the modem 
iron post monument are all subject to more or less deteriorating 
changes through various influences, depending upon the character 
of the original monument, its local site conditions, and the lapse of 
time, and all such factors should be taken into consideration -when 
comparing the particular evidence in question with the description 
contained in the original field notes. 

853. If the evidence of the monument is not fully conclusive, the 
surveyor's attention will be directed at once to the record acces- 
sories; this step is so generally necessary that it should be considered 
simultaneously with the search for the monument; in fact, in their 
broader significance the accessories are a part of the monument. 

The underlying principles relating to the identification of the 
comer accessories, subject to the changes which may be expected in 
the period intervening after the date of the original survey, have 
already been fully outlined in Chapter IV. It will suflice to state 
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that the evidence of the accessories should agree with the record 
contained in the field notes of the original survey, subject only to 
such changes as may reasonably be expected. 

354. In case of material disagreement between the particular 
evidence in question and the record calls, the process of elimina- 
tion of those features regarding which there may be doubt, after 
making due allowance for natural changes, will serve a most useful 
purpose, as follows: 

(a) The character and dimensions of the monument in evidence 
should not be widely different from the record; 

(6) The markings in evidence should not be inconsistent with 
the record; and, 

(c) The nature of the accessories in evidence, including size, 
position and markings, should not be greatly at variance with the 
record. 

A certain measure of allowance for ordinary discrepancies should 
enter into the consideration of the evidence of a monument and its 
accessories, and no definite rule can be laid down as to what shall be 
sufficient evidence in such cases. Much must be left to the skill, 
fidelity and good judgment of the surveyor in the performance of 
his work, ever bearing in mind the relation of one monument to 
another, and the relation of all to the recorded natural objects and 
items of topography. 

355. A comei? will not be considered as lost if its position can be 
recovered satisfactorily by means of the testimony and acts of wit- 
nesses having positive knowledge of the precise location of the 
original monument. The expert testimony of surveyors who may 
have identified the original monument prior to its destruction and 
thereupon recorded new accessories or connections, etc., is by far 
the most reliable, though landowners are often able to furnish 
valuable testimony. The greatest care is necessary in order to 
establish the bona fide character of the record intervening after the 
destruction of an original monmnent. Full inquiry may often 
serve to bring to light various records relating to the original comers, 
and memoranda of private markings, etc., and the surveyor should 
make use of all such sources of information . The matter of boundary 
disputes should be carefully looked into in so far as adverse claimants 
niay base their contentions upon evidence of the original survey, 
and if such disputes have resulted in a boundary suit, the record 
testimony and the court's decision should be carefully examined 
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relative to any information which may shed light upon the poBrtanj 
of an original monument. 

The testimony of individuals may relate to knowledge of the ong* 
inal monument or the accessories, prior to their destruction, or » 
any other marks fixing the locus of the original survey, and the \&i^ I 
of such testimony may be weighted in proportion to its completeiies { 
and agreement with the calls of the field notes of the original siirvev, 
also upon the steps taken to preserve the location of the originil' 
marks. All such evidence should be put to the severest pofiedble 
tests by confirmation relating to known original comers and other 
calls of the original field notes, particularly to line trees, blazed 
lines and items of topography. 

It is impossible to outline a definite rule for the acceptance a 
non-acceptance of the testimony of individuals. Corroborative evi- 
dence becomes necessary in direct proportion to the uncertainty of 
the particular statements advanced by the individual who testifies. 
It will be well for the surveyor to bear in mind that conflicting 
statements and contrary views of interested parties are fruitful of 
boundary disputes. 

356. In those cases where witness comers were established in the 
original survey, the true point for the comer will be controlled by 
such witness comer, when the latter can be identified, by reference 
to the record in accordance with the general plan of the survey. 
The usual diligent search will be made for witness comers, but where 
the same can not be identified the position of the true point for the 
comer will usually be of major importance, rather than the point 
for the witness comer, and in such instances the surveyor will pro- 
ceed directly to the re-determination of the true comer position, 
adopting the particular methods which should govern the case in 
hand. Should it become necessary to restore a lost witness comer 
the general principles hereinafter outlined will be observed. 

857. In the absence of an original monimient, a line tree, or a defi- 
nite connection to natural objects, or to improvements, which can 
be identified, may each ^ a point of the original survey for 
both latitude and departure. tThe mean position of a blazed line, 
when identified as the original Une, may sometimes help to fix & 
meridional line for departure, or a latitudinal line for latitude. Other 
alls of the original field notes in relation to various items of topogra- 
phy may assist materially in the recovery of the locus of the original 
survey. Such evidence may be developed in an infinite varietj'. 
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t^ naay be only such aa to disprove other questionable features, 
^x" xt: may guide the surveyor in a general way in arriving at the 
rKuxiediate vicinity of a line or comer, or in its best phases may be 
nxcli as to fix the jMsition of a line or comer beyond any doubt. 

31^8. A certain measure of allowance should be made for ordinary 
±ijBcrepancies in the calls relating to items of topography. Such 
e^vxdences should be considered more particularly in the aggr^ate, 
ELxixl when they are found to be corroborative an average may be 
secmred to control the final adjustment, which will be govemed 
largely by the evidences nearest the particular comer in question, 
gloving the greatest weight to those features which agree most har- 
m^oniously with the record, and to such items as afford definite con- 
xiection. A careful analysis will generally reveal the merits of au- 
-fclxentic evidences as opposed to unreliable features bearing re- 
semblance to the calls of the field notes, and in this matter the sur- 
-vesyoT will find an opportunity to exercise his skill to the fullest 
capacity. 

859* It is a matter of utmost importance to determine where an 
liientified call of the original field notes shall operate to control for 
l>oth latitude and departure, or for either coordinate by itself, and 
finally as to the necessity for applying the rules for proportionate 
measurement where the distance between the identified points is 
considerable. 

RESTORATION OF LOST CORNERS. 

360* A lost comer is a point of a survey whose position can not 
l>e determined, beyond reasonable doubt, either from original traces 
or from other reliable evidence relating to the position of the original 
monument) and whose restoration on the earth's surface can be 
accomplished only by means of a suitable surveying proceas with 
reference to inter-dependent existent comers. 

861* The surveyor is not prepared to consider the restoration of 
a lost comer until he has exhausted every other means of identifying 
its original position, and at this stage of his work he should have 
determined upon an approximate position of the original monument 
based upon his findings resulting from retracements leading from 
known comers to the lost comer, from one, two, three or four direc- 
tions in accordance with the plan of the original survey. The prin- 
ciple of proportionate measurement, which most nearly harmonizes 
surveying practice with the legal and equitable considerations 
involved in controversies concerning lost land boundaries, enten 
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into the problem at this stage, and this plan of relocating a lost 
comer will always be employed unless outweighed to the contrary 
by physical evidence of the original survey. In cases where the 
relocated comer can not be made to harmonize with all the calls 
of the original field notes, due to unexplained discrepancy which 
is made apparent by the retracement, the surveyor is required to 
determine which calls will be given major control, and those which 
must be subordinated. 

862. The preliminary retracements furnish the only possible 
means of arriving at the discrepancies of the courses and distances 
of the original survey as compared with those derived in the proceas 
of re-running the lines, and the whole problem of proportionate meas- 
urement is one involving the adjustment of said discrepancies. The 
restoration of the lost comers can not proceed until the retracement 
of the original survey has been completed. The retracement will 
be based upon the courses and distances returned in the field notes 
of the original survey, or the equivalent by calculation, initiated 
and closed upon known original comers. Temporary stakes for 
futiue use in the relocation of all lost comers may be set when 
making the retracements. 

863. As has been observed, existing original comers can not be 
disturbed; consequently discrepancies between the new and the 
original record measurements of the line connecting the identified 
original comers will not in any manner affect measurements beyond 
said comers, but the differences will be distributed proportionally 
within the several intervals embraced in the line in question. 

864. A proportionate measurement is one resulting in concordant 
relation between all parts of an original record length of a line and 
the new distances given to the several parts as determined by the 
re-measurement, in such a manner that the new distance given to 
any part of a line shall bear the same relation to the origLoal lecatd 
lengtii of that part of the line as the new measurement of the whole 
line bears to the original record length of said line. The oidinazy 
field problem consists in distributing the excess or deficiency 
determined by comparing the new measurement with the lecoid 
distance between two original existent monuments, in such a man* 
ner that the amount of excess or deficiency given to each interval 
shall bear the same proportion to the whole difference as the record 
length of the interval bears to the whole record distance. After 
having applied the proportionate difference to the record length of 
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sach iiitenral the sum of the adjusted lengths will equal the new 
measnrement of the whole distance. 

86&» The term ''single proportionate measoremenf is applied 
to a new measiueinent made on a single line to detennine the posi- 
tion tiieveon for restoring a lost comer, for example, a qtuirterHBection 
comer on line between two original section comers. The term 
''double proportionate measotemenf is employed to signify new 
measurements made between four original comeni on intersecting 
meridi<»ial and latitudinal lines for the purpose of fixing by relation 
to both lines the position of a lost comer, for example, a comer 
conuBon to four sections or four townships. 

BS^ It will almost ixrvaiiably happen that discrepaiieieB will be 
deveiaped between the new measurements and the original measure* 
ments recorded in the field notes. When these differences occur the 
surveyor will gentodly be required to adopt a proportionate 
measurement based upon a process confortning to the method 
followed in the origini^ survey. The princiide of the prepender- 
ance of one line over another of less importance is recognized, in 
order to determine npoD the procedure relative to sing^ or double 
proportionate measurement, or other rule to be adopted in order 
to limit the control' and at the same time haWBonize ther nstoratiye 
process with the metiiod followed in the originai survey. Thus 
standard parallels will be given precedence over other township 
exteriors, and the latter will be gmn prbcedlsnee over subcttvisiDiial 
lines; section comtra will be relocated befdre the poiitkn of lost 
quarterHwctinn comers can be detenwmed. 

PRIMABY METHODS. 
<a) DOUBLK FROP<»nONXrFB MSASUEftHENT. 

9^7. The method of double proportionate measurementdvgenendly 
applicable to the restoration of lost comers of four townships and of 
lost interior comers of four sectiooeis. It is the best example of the 
basic principle that monuments nortb and south riunild control the 
latitudinal position of a lost comer, and monuments east aad west 
should eontiol the longitudinal positieafr of a lost comer, upon a plan 
by wMch the infiuence of one identified edgisal coiner is balanced 
by the contiol of a corresponding original comer upon tile opposite 
side of a paitiddar misKing comer which is to be restored, each 
idefttlfied ori^nAl comer bemg given a controlling wdght in veraely 
propcMtkmal to its distatxce how. the fost comer. 

55|fi5«— 19 18 
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868. In order to restore a lost comer of four townships ^n^ere all 
of the connecting lines have been established in the field, a retrace- 
ment will first be made between the nearest identified origiiul 
(Xffners on the meridional line^ north and south of the miairiTig conia, 
upon which line a temporary stake will be placed at the proper 
proportionate distance. This will determine the latitude of the 
lost comer. Next, the nearest original comers on the latitudinal line 
will be connected and a point thereon will be determined by pro- 
portionate measurement in a similar manner, independent of the 
temporary stake on the meridional line. The second tempoiaiy 
point will determine the position of the lost comer in departure. 
Then through the first temporary stake run a line east or west, and 
through the second temporary stake a line north or south, as relative 
situations may determine. The intersection of the two lines last run 
will define the position of the restored corner by '^double ptropQ^ 
tionate measurement." 

869. In the accompanying diagram the points "A," "B," "C" 
and '^D'' (on the small scale) represent four original comers; and 
(on the hixge scale) ''£" represents the proportional pioint between 
^*A'^ and '^B,'* for measurement only, and similarly, ^'F" repiroBents 
the proportional point between "C" and "D." The point "X" 
satisfies the first control for latitude, and the second control for 
departure. 

870. The plan of double proportionate measurement will be 
applied to the restoration of lost comers of four townships where aQ 
the lines therefrom have been mn. Lost interior comers of four 
sections, where all the lines therefrom have been run, will also be 
reestablished by double proportionate measurement, after first 
relocating the required lost section comers on the township exteriors. 
"When a number of conaers of four sections, and the intermediate 
quarter-section comers, are iniswng on all eddes of the one sought 
to be reestablished, the entire distance must, of course, he re- 
measured between the nearest identified comers both north and 
south, and east and west, in accordance witjl^ the rule laid down. 

871. Where one of the connectii^ lines hlis not been establisiied 
in one direction inm the miwing township or aection comer, the 
record distanee to the nearest idetiftified comer in the opposite 
direction will prevail in lieu of a proportional measurement. Thus, 
in the same diag^ramy if the latitudinal line in the directioii of 
the point "D'' had not been establiahod in tiM original survey, the 
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pofidtioii of the point "F" in departure would have been dete^ 
mined by reference to the record distance from the point "C," 
whereupon the point "X " would huve been fixed by cardinal offeetB 
from the points '*£" and "F" as before. Again, in rare instances, 
where the intersecting lines have been originally established in 
only two of the directions, the record distances to the nearest iden- 
tified comers on the two lines will control the position of the tem- 
porary points from which the cardinal offsets are to be made. 

(5) SINGLE PBOPOBTIONATE MBASX7BEMENT. 

372. The method of single proportionate measurement is gener- 
ally applicable to the restoration of lost comers on standard parallels 
and other lines established with reference to definite alinement in 
one direction only. Intermediate ci>mers on township exterioiB 
and other controlling boundary lines are to be included in this class. 

878. In order to restore a lost comer by single proportionate 
measurement, a retracement will be made connecting the nearest 
identified regular comers upon the particular line in question, the 
record of which shows no deflection in alinement; a temporary stake 
will be set on the preliminary line at the original record distance; 
the total distance will be measured, also the falling at the objective 
comer. The temporary stake will then be adjusted for the pro- 
portional part of the difference between the record distance and 
the re-measurement, also for its proportional part of the falling. 
Thus the adjiDrted* position will fsdl on the-tme line connecting the 
nearest identified comers, and at the same proportional interval 
from either ba existed in the original survey. Any number of lost 
points, on the same straight line, may be recovered by the sanae 
plan, setting a temporary comer for each at the time when making 
the retracement. On the retracement of on east and west line, the 
proper adjustments to secure the true latitudinal curve should be 
allowed for as outlined in Chapter II. 

874. Lost standard comers will be restored to their original 
positions on a base line, standard parallel or correction line, by 
single proportionate measurement on the line connecting the nearest 
identified original standard comers on opposite sides of the missing 
comer or comers, as the case may be. The term ''original standard 
comers'' will be understood to designate standard townahipy eection 
and quarter-section comers, meand^ comers terminating the 
survey of a standard parallel, and closing comers in thoee cases 
where they were originally established during the survey of a 
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Btandard parallel as corners from which to project surveys to the 
south.. No other meander or closing comers along a standard par- 
allel will control the restoration of lost standard comers. 

875. All lost exterior section and quarter-section comers will be 
restored by single proportionate measurement between the nearest 
identified comers on opposite sides of the missing comer, north and 
south on a meridional line, or east and west on a latitudinal Hne, 
after the township comers have been identified or relocated. An 
exception to this rule will be noted in the case of any exterior the 
record of which shows irregularities in alinement between the ter- 
minal township comers. (See sec. 380.) 

876. All lost interior quarternsection comers will be restored by 
single proportionate measurement between the adjoining section 
comers, afUr the section comers have been identified or relocated. 

877. Lost meander comers, originally established on a line pro- 
jected across the meanderable body of water and marked upon the 
opXKDsite side thereof will be relocated by single proportionate 
measurement, afUr the section or quarter-section comers upon the 
opposite sides of the miflffiTig meander comer have been duly 
identified or relocated. 

(c) CLosma cobnebs. 

378. In order to reestablish a lost closing comer on a standard 
parallel or other controlling boundary, the line closed upon will be 
retraced, beginning at the comer on the standard parallel or other 
controlling boundary from which the connecting measurement was 
originally madd, itself properly identified or relocated; a temporary 
stake will be set at the original record connecting distance, and the 
total distance and falling will be noted at the next regular comer on 
the opposite side of the missing closing comer. The temporary stake 
will then be adjusted as in single proportionate measurement, i. e., 
the closing comer will be reestabliahed on the tme line closed upon 
at the proper proportional interval between the nearest regular cor- 
ners to the right and left. An identified closing corner not actually 
located in the line closed upon will determine the direction of tho 
closing line, but not its legal terminus; the latter is bound to fall at 
the true point of intersection of the two lines. The position of a 
restored closing comer should be verified by a retracement of the 
line whose terminus it was designed to mark. (See see. 384.) 
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SECOND ABT METHODS. 



879. The following methods involve special applicaltions of the 
general rules of proportionate measurement for adoption in unusiul 
cases where the ordinary control can not be obtained. 

(d) BBOKSN BOUNDABOBS. 

S80. In order to restore one or more lost comers on a broken or 
irregular township exterior, or other controlling boundary, a retrace- 

Closing error of 
retrocemenf -^ 

BtX 




Fig. 68. 



ment will be initiated at the nearest identified original comer on Uie 
boundary, following out the record courses and distances, or the 
equivalent by calculation, setting a temporary stake for each misBiog 
comer or angle point, until the next identified original comer htf 
been attained, where a final temporary stake will be set at the xeconi 
distance of the last course of theretracement. The closizig error will 
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then be detennined for course and distance from the last temporary 
stake to the objective original comer, and each temporary stake will 
thereafter be adjusted on the bearing ol the closing error, a propor- 
tional amount of the length of the closing error equal to the propor- 
tional part of the distance oi the temporary stake from the initial 
X>oint of the retracement, i. e., the particular distance to be measured 
at any temporary stake, on the bearing of the closiDg error, is to the 
whole length of the closing error as the distance of the particular 
temporary stake from the initial original comer is to the whole 
length of the retracem^it. Angle points and intermediate comers 
will be treated alike. 

(e) OBIGINAL CONTBOL. 

881. Where a line has been terminated with reference to a meas* 
urement in one direction only, a lost comer will be restored by refer- 
ence to the original record bearing and distance, counting from the 
nearest regular comer, the latter having been duly identified or 
restored. Examples will be found where lines have been discon- 
tinued at the intersection with large meanderable bodies ef 
water, or at the border of what was classed as impassable groimd. 

(/) INDEX COSBBdlON FOB ▲VEKAGB EBBOB IN AUNEMENT AND MEASUBEMENT. 

382. In unusual cases where a retracement has been made of 
many nules of the original lines, between identified original comers, 
and there has been developed a definite surplus or deficiency in 
measurement, or a definite variation in alinement, characterizing 
the original survey, it will be proper to make allowance for such 
average ''index error.'- Such adjustment will be taken care of 
automatically in all cases where there exists a suitable basis for 
proportional measurement, but in any case where such control is 
lacking^ an index error, if conclusive, will be made use of by 
applying the determined correction to the record courses and dis- 
tances. If there is not conclusive evidence of such index error the 
record courses and distances will be allowed to prevail. 

SPECIAL CASES. 

883. Examples of special cases could be set forth almost indefi- 
nitely, but without bringing out important new principles. In 
some respects the treatment of a large number of special examples 
would serve to confuse the subject by seeming to warrant certain 
procedure as a general rule which in i&ct would not be proper were 
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the conditions altered; the latter occur in an infinite variety. 
Ample provision has been made fc« the United States surveyor to 
call upon a supervicdng <^cer lor advice in difficult cases, and wbae 
necessary the latter is in a position to direct the surveyor to proceed 
with additional retracemente in order to develop any data which 
should be considered before a decision is rendered. In trials of 
boimdary suits the cotvt will generally consider many additional 
questions besides those concerned in the technical problem, and in 
such instances an academic study of hypothetical examples might 
serve to <^oud fhe real issue. It would be beyond the purpose of 
the Manual to invade the realm of non-technical matter while 
attempting to lay down the general principles involved in the 
restoration of lost oom^ce. 

884. In all unusual instances, wh^e on account of majoifest 
distortion, or througb extensive obliteration resulting in great 
distances between exifrtiing comers, or otherwise, the evidence of a 
survey caA not be identified with sufficient certainty to enable a 
suitable application of the various rules relating to the restoratioD 
of lost comers, the surveyor is again advised to report the facts to 
the proper supervising officer. In the same connection, it is impor- 
tant that the surveyor should not be confused with the notion that 
he is required, or has any authorifcy, to revert to the principles 
relating to the establishment of original surveys as an alternative in 
such cases. The methods incident to xesurveys, as outlined in the 
next chapter, are designed to rectify unusnial conditions which are 
widely at variance with the repre8en)lations of the original aj^HPoved 
plat and field notes. 

(g) usBoxiLAimofue comtbol. 

386. It will be apparent to the experienced surveyor that actual 
field conditions do not always fiimish the basis for the application 
of the rules heretofore set forth, and while developing a consistent 
theory to apply in imusual cases the surveyor will at once note that 
the first consideration relates to a more or less arbitrary limitation of 
the control to be adopted . No definite rule can be laid down, except 
that there should be the closest possible adherence to the ba^c exam- 
ples already given in the text. The methods heretofore outlined 
readily harmonize surveying practice with legal decisions concerning 
the restoration of lost comers. A strictly consistent mathematical 
recovery of a lost comer, not based upon any known legal decision, 
may be obtained by allowing every known comer within a reason- 
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able radius to enter into the control, each original comer being given 
a weight inversely proportional to its distance from the missing 
comer, and though the principle will lead to the same result in 
come cases as by the methods previously outlined, it will yield a 
slightly different result under other regular circumstances. For the 
latter reason a miscellaneous control based upon such mathematical 
principle will not be adopted except as specifically approved by 
the proper supervising officer after due consideration of the facts 
in regard to the applicability of the method in the absence of a 
suitable basis for a r^^lar control. 

386* Having thus safeguarded the application of the following 
method, the problem in the field will be developed by a series of re- 
tracements each beginning at an accepted comer, thence following 
out the record courses and distances, each retracement terminating 
at a temporary stake in the vicinity of the objective lost comer. 
Each stake will be given a wei^t inversely proportional to the dis- 
tance from the accepted comer to which it is related. The several 
temporary stakes will then be combined; the first two to be resolved 
into a point on the line between them, dividing the whole distance 
into two parts that will make the interval from either stake inversely 
proportional to the weights previously assigned, and the latter point 
will be given their combined weights. The last point will then be 
correlated with the third temporary stake on a similar plan. Three 
or more original comers will thus exercise their influence upon the 
final resultant position for the comer which is to be restored. The 
result will be the same no matter what the order of connecting the 
temporary stakes may be, but the (»nission of any element of the 
control or the introduction of an additional original comer will alter 
the final position. The field of influence should accordingly be 
selected with a view to obtaining a resultant balanced position which 
can not be materially changed by the introduction of other known 
points of control. 



CHAPTER VI. 

BESUBYEYS. 
junisDicnoN. 

887* Oertaln important concddetations are invcdved in the execu- 
tion of Government resurveys of an entirely different character 
irom those relating strictly to the making of original surveys; these 
considerations present matters not referred to in Chapter V. There 
is a twofold object of a resurvey: First, the adequate protection of 
existing rights acquired under the original survey in the matter of 
their location on the earth's surface, and, second, the proper marking 
of the boundaries of the remaining public lands. 

888. As already noted in Chapter I, the Congress has authorized, 
under certain conditions, the re-marking of the public-land surveys. 
The acts relating to resurveys contemplate a restoration of the 
comers of the original surveys in those townships, (a) where the 
obliteration of the <xiginal monuments or other evidence of the 
position of the original lines has become so advanced that the land 
boundaries can be identified only through extensive retracements 
by exi>erienced surveyors of the General Land Office, and (h) where 
field investigation shows that condiliaDs on the ground disagree with 
the representations ux)on the origiiial plat to such an extent that the 
land boundaries can not be identified positively in one position to 
the exclusion of another, in consequence of which said plat should 
be disqualified as a basis for the. disposal of remaining public land. 
While the Government may initiate a resurvey in the absence of any 
application therefor, as a rule, the steps preliminary to the authori- 
zation of a resurvey will be taken by the settlers interested in the 
land, through a showing of facts made to the proper supervising 
officer, setting forth the existing conditions with respect to the 
original survey and status of ownership of the lands. ^ 

I See current circular governing applications for resurveys. 

276 
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889. The sursreyor is advised to bear in mind the fact that in 
localities where resnrveys are necessary the occasion for boundary 
disputes is ever present; he should accordingly exercise the greatest 
care in his technical work in the field and in the record thereof, so 
that the result of the resurvey shall relieve existing difficulties as 
far as possible without introducing new complications. As in the 
case of original surveys, the records of all resurveys must form an 
enduring basis upon which depends the security of the title to all 
lands acquired thereunder, and the field notes should be so prepared 
that under the test of the closest possible scrutiny at all times, 
present and future, the record can be regarded as conclusive in the 
matter of the location of such rights. 

890. The General Land Office has exclusive jurisdiction over 
all matters pertaining to surveys and resurveys affecting the public 
lands; as between private owners of lands the title to which has 
passed out of the United States, final determination in ttie matter 
of fixing the position of disputed land boundaries rests with the local 
court of competent jurisdiction. The rules of procedure laid down 
by the General Land Office to guide its snrvetyors in the re-marking 
of lines of previous surveys are intended to be in harmony with the 
leadLqg court decisions in suits involving boundary disputes, and 
said rules should be so applied that the courts may, with security, 
accept without question tiie boundaries thus determined in so far 
as they represent the true location of a particular tract intended 
to be conveyed by a patent. Government resurveys are tinder- 
taken only by duly appointed United States surveyors acting 
under the authority of the Secretary of t^e Interior thiougfa the 
Commissioner of the General Land Office and under the immediate 
direction of subordinate supervising officers. 

UMIT OF AUTHORITY OF SUBVEYOR. 

891. There are certain questions of a purdy judicial natnie 
involved in resurveys of every description where the decision is 
to be reserved to the General Land Office, particularly those relating 
to compliance with the general laws in respect to the entry of the 
public lands. Thus it comes within the realm of the Borveying 
process to id^itify and mark out on HkQ ground the various legal 
subdivisions of the public domain, but it is a judicial question 
beyond the function of the surveyor to determine whether or not 
specified lands have been duly earned imder a certain entry. In 
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the reenmrey process the surveyor will detennine whether or not 
lands embraced within a claim as occupied have been correctly 
related in position to the original survey, and where the demon- 
stration of this question may be one involving more or lees uncer- 
tainty, as is often the case, the surveyor will examine and weigh 
the evidence relating strictly to the surveying problem involved, 
and he will interpret the evidence in respect to its effect upon the 
manner in which the,resurvey shall be executed looking to the 
protection .of the valid rights acquired imder the original survey. 
The surveyor has no authority to enter into any agreements looking 
to the exchange of one subdivision for another, or to bind the General 
Land Office in this particular. 

BONA FIDE BIGHTS OF CLAIMANTS. 

892. In order to carry out the provisions of the laws relating to 
resurveys, the surveyor should understand fully the meaning of 
the words "bona fide rights^' and under what ciicumetances it will 
be held that such rights have been impaired by a resurvey. In 
this connection attention is again directed to the clause contained 
in the act of March 3, 1909 (35 Stat., 845), as amended by joint 
resolution approved June 25, 1910 (36 Stat., 884), which reads as 
follows: 

' ' That no such resurvey or retiacement shall be so executed as to 
impair the bona fide rights or claims of any claimant, entryman, or 
owner of lands affected by such resurvey or retracement." 

The rights of claimants are to be given similar protection under 
the provisions of the act of September 21, 1918 (40 Stat., 965). 

898« It will be understood that bona fide rights are those aoquired 
in good iaiih under the law« Bights of thia character can be affected 
by a resurvey only in the matter of position or location on the 
earth's surface, and the surveyor will be concerned only with the 
question as to whether lands covered by such rights have been 
actually located in good faith. Other questions of good faith, such 
as priority of occupation, possession, continuous residence, value 
of improvements, and cultivation, when considered apart from the 
question of the positioa of the original survey, do not in any manner 
affect the problem of resurvey. 

It is evident that the resurvey mu^t afford adequate pxotection 
to bona fide rights vested in both improved and unimproved lands. 
In the final detomdnation of the true position of all lands, whether 
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improved or tuumproved^ in the abeence of original cometB, the 
necessity for more or less flexibility of method must be recognized, 
as the value of both of these dasses of lands may be vitally affected 
by an arbitrary process of resorvey which is rigid in its appHcatLaD. 
Unimproved lands, however, where no apparent attempt bas been 
made on the part of the owner to identify the same under theii 
original descriptions (and where the inherent value of the lands in 
question is the same), are not necessarily affected in the same manner, 
and such unimproved lands may be adjusted to a poisdtion found 
by the surveyor to be conformable to adjoining or near-by tracts, 
where all may be held to qualify tmder the rule of acceptable loca- 
tion. 

894. The question arises whether the technical rules for the 
restoration of lost comers are to be rigidly applied m all caaes r^ard- 
less of their effect on the position of improvements, or whether the 
position of all improvements is to be accepted without question 
regardless of the rglation or irrelation of such improvements to the 
existing evidence of the original survey and to the description 
contained in the entry. Manifestly these opposite extremes are 
equally unacceptable. Somewhere between them, therefore, will 
be found the basis for a determination of the question as to when 
lands so improved are to be regarded as having been located in 
good faith or otherwise. It is clear that no definite specific set of 
rules can be laid down in advance for the determination of thia 
question. This is a problem the solution of which must be found 
on the ground by the surveyor; it is upon his judgment primarily 
that the responsibility for a determination of the question of good 
faith as to location must rest. The surveyor may err in his judg- 
ment, but once this question is settled to his own satisfaction, the 
procedure to be adopted in the matter of the application of resurvey 
rules is no longer in doubt. 

805. It may be held generally that an entryman has located his 
lands in good faith (referred to herein as an acceptable location of 
a claim or of a local point), when it is evident that his interpretaticm 
of the record of the original (Purvey as related to the nekrest existing 
comers at the time the lands were located (as defined by his fencing, 
culture, or other improvements) 'is indicative of such a d^jree ol 
care and diligence upon his part, or that of his surveyor, in the ascer* 
tainment of his boundaries, as nd^t be expected in the exerdae of 
ordinary intelligence under existing conditions. From tiuB it 
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foUo^ra tbat lack of good faith k not necessarily chaigeable against 
an entryman if he has not located bimself according to a rigid appli- 
cation of the rules laid down for the .restoratic^ of lost comeis, where 
complicated conditions inyolve a double set loi p<Hmers, both of 
which may be regarded as authentic; or where the nearest existing 
comers in one or more directions are an excessive distance away; 
or are improperly related to each other to an extraordinary degree; 
or where all evidences of the original survey which had been adopted 
by the entryman as a basis for his location have been lost before the 
resurvey is undertaken. Furthermore, the extent of recc^nition 
given by neighboring chdmants to a local point used for the control 
of the location of daima very often carries with it the necessity for 
a couEdderation by the surveyor of its influence in the matter of 
the acceptability of such locations under the foregoing i^ule pf good 
&ith. 

896. In cases involving extensive obliteration at the date of 
entry, the entryman or his successors in interest may be chaiged with 
the knowledge that the boundaries of the claim will probably be 
subject to more or le^s adjustment in the event of a resurvey, and 
that in the process of fixing the boimdaries of groups of claims a 
general control applied to all must be favored as far as possible in 
the interest of equal fairness ;to aU and of simplicity of resurvey. 
Even in the presence of extensive obliteration of the original survey, 
a claim which manifestly shows that no attempt has been made to 
relate the same in some manner to the origii^ survey can not generr 
ally be regarded, as having been locate in good faith. 

897* Oases will arise where it may be evi4ent that lands have 
been ooounsp in good ^aith, but whose boimdaries as occupied are 
clearly in disagreement with the demonstrated position o£.the legal 
Bubdivisious called for in the description. Obviously the rule of 
good Mth as tp location can not apply, and relief must be sought 
through the process of amended entry (act of Feb. 24, 1909, 35 Stat.» 
645). to cover the legal subdivisions actually earned, rather than 
through an alteration of the position of established lines. This is a 
process of adjudication rather than one of resurvey. A case of this 
character diould be regarded as an '^erroneous location,'^ in pre- 
cisely the same manner as would obtain if th,e question of resurvey 
were not iovolved. 

898» The recognition of the principle that the restoration of a cor- 
ner may be influenced by the position of one or more existing claims 
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wanaats, within snitftble limits, theaceeptanceolan unoffidal deter- 
miOAtion, in the manner hereinafter stated, which Woold not neces- 
sarily agree with that retftftSng^^te a rigid af^icatuA ci arintrvy 
roles laid down for the restoration of lost «emen. 

GENERAL FIELD METHODS. 

89^ There are two reeognissed methods of making Qovermttent 
resurveys— DBntNDEHT ind nrnsPiiKDninv-aad in general, any 
field condition that may arise caai be taken care of by the applica* 
tion of one or the other niethod. 

400. The vtitvntEwr resnrvey is designed to accom]^liA a restora- 
tion of what purports' to be the original conditions according to the 
record, based, first, upon identified existing cGtneta of the original 
sorvey and other recognized and acceptable points of coaflrol, and, 
second, upon the restoration of missing comers by proportionate meas- 
urement in harmony with the record of the original survey.- This 
type of resuryey is applicable to those cases showing Mrly concoidant 
relation between conditions on the ground and the record of the origi- 
nal survey. Titles, areas sjoid dtocriptions should remain abso- 
lutely unchanged in the typical dependent resurvey . 

401. The iNDBPENBENT resurvey provides methods adapted tocon- 
cdderable areaa of public hknd'w4iere the odgimid survey can not be 
identified with any degree of c^tainty in accordance with the irepre- 
sentations of the approved plat and field notes, and where the pre^ 
vailing conditions are such that strictly restmwtiive iMPO cecsoD , when 
applied as an inflexible rule between existing momtammta or adopted 
comer positions, are either inadequate or lead ts unsatiftfinctery re- 
salts. This* type of resurvey provides ior the segtegt^on of indi- 
vidual tracts when necessary, or a confirmation of individual tracts 
to the subdivisions of the resiuvey if suitable. These processes are 
found to be more flexible in their application than those of the 
strictly dependent type; but at the same time they dtdy protect all 
private rights which have been ac^ttired Upon the basis of the origi- 
nal approved survey and plat. With respect to the identification and 
description of the public lands involved, the independent type of re- 
survey supersedes the record of the original survey. Tina "will be 
made apparent by the representations of the approved resurvey plat. 

402. The basic prhiciple, with respect to the protection of boos 
fide rights, involved in one type of resurvey is identical witii that 
of the other type, whether dependent or independent; they ate botk 
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to be regarded aa a demoostratioii, on the part of the General Land 
Office, in the li^i of the beat evielince wmlable,. by means of the 
legal Bubdivisione ol a dependent resuryey or by the tract segrega* 
tion0 ol an ind^eotdent reeurvey, of the original position of entered 
or patented legal sabdivisioBB or lots included in the origiwal de^ 
scription when related to the origiiml survey. 

405. The neceeoity lor both typea of reeurvey is encountered in 
the field; the applicability of one or the other method is altogether 
a question depending upon l(>cal conditiona, such d» extent of oblit- 
eration, relative hannony of identified and recognized points, and 
extent of dispoaala by the Government. These questions shoujd not 
be judged in advance of a comprehensive field examination. . 

4M. In general, a preliminary field examination will be required 
and authorised before the resurvey is to be undertaken. 

The purpose of an investigation ia to develop the extent of ti:ie 
obliteration of the evidence of the original survey, the extent of 
settlement, the agncultuial possibilities d the township, and any 
other information from which the necessity for, and the propriety 
of, the proposed resurvey may be determined. 

A aeccmd purpose to be subserved by an investigation is the 
assembling of sufficient data concerning the local smrvey conditions 
to permit a pfOfxer type selection; and with this end ia view the 
examining surveyor should investigate and report upon the relative 
position of the evidence of the orig^inal survey; the degree to which 
identified points are concordant or the reverse; the extent to which 
comers discordantly related have been made the basis of claim 
locations; the iMresence of one or more systems of unofficial local 
surveys w^ch have been recognized and adopted by the claimants 
in fixing their boundaries; and the degree to which confiicts are to 
be anticipated. 

406, The prqper supervising ofi^er will provide the examining 
surveyor with suitable instructions in which the scope ol the exam* 
ination will be indicated and iattention will be directed to the par- 
ticular considerations which should receive attention. During the 
progress of the investigation interested parties should be informed, 
upon inquiry, that the work th^a in progress is merely preliminary 
and only for the purpose of gaining information, and that if resurvey 
is ultimately authorized all valid rights will then be protected as 
required by law. 

55465*— 1^-^19 



282 MANUAL or SUHVETING INSTRUCTIONS. 

406. The ezaminer's report shoidd contain definite .recomnienda- 
tions concerning^ the type of resurvey which, in his judgment, should 
properly be applied in view of the prevailing conditions. 

When the report and recommendations of the examiner, with 
those of the sapervising officer, have been received by the General 
Land Office, the situation will be considered, the appropriate type 
of resurvey will bie determined, and the preparation of special instmc- 
tions for the resurvey will be authorized. 

407. The special instructions, which must of necessity be based 
largely upon the data provided by the examination, will indicate 
the scope of the work, and, r^^ardless of whether the lands are to be 
dependently or independently resurvey ed, the necessary retrace* 
ments will be made to fix the outboundaries of the township or 
townships designated for resurvey. With the limiting boundaries 
once restored so as to protect under the rules already laid down all 
existing property rights in the adjoining lands not to be resurveyed, 
the plan of procedure outlined in the instructions should, under 
the known conditions, produce satisfactory results, and adherence 
thereto is expected. If, however, unforeseen conditions are devel- 
oped in the progress of the resurvey, which may apparently render 
the special instructions inapplicable or likely to produce incon- 
sistent or unsatisfactory results, it is of the utmost importance that 
the surveyor suspend further monumentation of the comers; and 
after such additional retracement and investigation as may be neces- 
sary to a proper understanding of the situation, he should report the 
facts to the proper supervising officer and request further instructions. 

408. During the progress of the resurvey the surveyor should 
advise all interested parties, as occasion and opix>rtunity may offer, 
that the resurvey is not to be regarded as official or binding upon the 
United States until duly accepted by the Commissioner of the €ren- 
eral Land Office, as provided by law, and that no contemplated 
alteration in the position oi improvemoits or claim boundaries 
should be made in advance of the official acceptance of the resurvey. 

THE DEPENDENT RESURVEY. 

OBKBRAIi CONTROL. 

400. A dependent resurvey is an official re-marking of the original 
lines upon a plan whereby existing evidence of the original survey 
is given primary control over the i>o8ition of the lines to be reestab- 
lished. A certain amount of flexibility (as hereinafter described) 
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is allowable in the dependent reenrvey when necessary for the 
protection of bona fide rights of claiaiantSy particularly in those 
cases where no objection is found to adopting a point acceptably 
located under the rule of good faith already laid down, when only 
slightly at variance with the theoretical position of the same. 

410. In theory the -ptoceBa consists, first, in the retracement and 
reestablishment of the township exteriors; second, the identifica* 
tion of all existing interior comens or other evidence of the original 
survey; and, third, the determination, by a suitable field procedure, 
of the theoretical position of all missing comers as indicated by a 
proper interpretation of the record of the original survey in relation 
to such existing evidence. The actual field process may be varied 
to some extent in order to meet local conditions or to suit the con- 
venience of the surveyor, but the theoretical position finally deter- 
mined must be identical with that which would result from a strict 
application of the principles of proportional measurement. When 
this has been accomplished, attention should be given to the adop* 
tion, as an integral part of the resurvey system, of comer positions 
detemiined by the evidences, of whatever character, of acceptable 
claim location. Such evidences may, for convenience, be termed 
^'collateral evidence'^ as distinguished from direct evidence of the 
original survey. 

411. The process of iiie dependent resurvey difiero in scope from 
that applied for the usual restoration of one or more lost comers, 
and the rules governing a resurvey bring into. consideration in a 
more comprehensive manner the position of recognized land bound- 
aries, in the absence of evidence of the original comers. The sur- 
veyor has noted the detailed instradtions set iotth in Chapter V 
looking to the identification of existing evidence of the original 
survey and the application of the rules of proportionate measurement 
for the determination of the theoretical position of lost comers. 
These mles will be applied in the dependent resurvey generally 
with respect to the township as a unit, wherein the means of identi- 
fication of each and every existent comer will be exhausted and the 
theoretical position determined for each lost comer. The lorm^ 
are to be considered as fixed points (except in most unusual 
cases) and may be monumented at any time; the latter will be 
subjected to the possible influence of points which may afterwards 
be determined to be acceptably located under the same rule of good 
faith, and will be marked oinly as temporary points until this ques- 
tion has been disposed of. 



284 MANUAL OF SURVEYING INSTRUCTIONS. 

418. A complete retrftcement ol tlie origuuil atuvey will be made, 
baaed upon known corners, it being asfumed that the ext^or 
boundariea of the township to be resurveyed hi^ve been identified 
or restored under the rules already laid dowti in Chapter V, and 
under those relating to the acceptability o( a local point or claim 
location; It ia not usually possible to follow the method and order 
of procedure shown in the record of the original survey (owing to 
Tniflaing comers), but the complete system of Unas will be run out by 
preliminary retracranent, usually beginning with the meridional 
lines between known corners, Mlowed by the latitudinal lines 
between known comers, noting the int^'sectionfl with the aaid 
meridional lines. The surveyor must be supplied with a complete 
copy of the record of the original survey, nxkd temporary reference 
stakes may be set on the meridional lines at the recwxl measurem.ent 
for each comw point. 

418. The preliminary retracN^entfl will lead at once to the 
identification of the prominent evidence of the original survey and 
a trial calculation vill follow as to the latitudinal and longitudinal 
adjustments at each missing corner, to auit the propertiona which 
may be derived when based upon these known comers. A second 
and mote exhaustive search will tihen follow within the zone of the 
probable location of each missing comer for the more obscure evi- 
dence of the original survey. At this stage of his field "work the 
purveyor should exhaust every possible meana of identifying the 
existent comers of the original survey. In muiy rei^pects, the 
surveyor will be oompelled to devise his own methoda as the actual 
field conditions seem to warrant, and his skill and judgment as a 
surveyor should fimction to the fullest capadty. 

If additional evidences of the originaL survey are found by this 
process, a second trial calculation will then bennade as to the latL 
tudinal and longitudinal adjustments of the temporary reference 
stakes previously set at each missing comer, to suit the proportional 
measurements derived from all of the known original comers— 
exactly as olItMned in Chapter V. These calculated adjustments 
will determine the theoretical location oi each lost comer with 
reference to all existing evidence of the original surviey. 

In the absence of other considerations, the theoretical points thus 
Aeteamlned by proportionate meamreiment, bas^d upon existing 
original comers, are fixed to a mathematical' certainty, and when 
these x>oLnt8 have been determined, the evidence a^ the original 
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^oint a rignifioaiiffe dioilar to that of an origin comer position^ 
EUDcL thus ayoidd diaturbing Batiafactipry local adjustments. Chief 
among this class of evidence fonning the basis of the recognized 
poeitioii of land boundaries are recorded monuments established 
by local surveycmi, duly agreed upon by the interested property 
cywners; the position of boundary fences determined in l^e same 
maimer; and the center lines of public roads and drainage or irriga- 
tion ditches, when intended to be located on the subdivisional 
lines of the ptiblic-land surveysw The local record in these cases, 
when available, may furnish the cosmectuog link to the previously 
identified evidence ol the original survey, but even in the absence 
of a concluiiSve record, if a point qualifies as above outlined, the 
presumption is strong that its position bears satisfactory relation 
to the original survey and that its correctness can not be success- 
fully disputed. Points whi<^ actually qualify as aforestated may 
be accepted as the best available evidence of the true position of 
the original survey. 

420* The technical record of the resurvey should clearly set 
forth the reasons fdr tiie acceptance of a local point, where unofficial 
determlBatioDS of the above character do not represent actual marks 
of the original survey. Such recognized and acceptable local marks 
will be preserved, and described in the record of the resurvey. New 
monuments will be established as required, in addition to, but with- 
out destroying the evidence of, the local marks. 

REERTABLISHMENT OF TRUE LINES. 

421. As idready stated, with the combined control of the depend- 
ent resurvey fully determined, the final calculation will be made 
as to the latitudinal and longitudinal adjustments of the temporary 
reference stakes previously set at the remaining mining comers. 
Die final caiculatioiis will be based upon the known position of the 
comers of the general oontrol as thus adopted, upon the plan of 
proportionate measureoient, all as provided in Chapter Y. The 
result of this pncem balances in regular proportion the differences 
between the measurements shown in the record of the original sur- 
vey and those derived in the retracement. Thus the true lines of 
the dependent resurvey are finally detennined through the infiu- 
enoe exerdsed by the identified existent comers of the original 
survey and every other identified call of the record thereof, and 
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such Other coUatem^ evidence of the poeitkm ot recdgnised land 
boundaries as may be prop^'Iy adopted for such infliMnce. 

422, Hie field procedure incident to the running and nteasure- 
ment of the true lined of the dependent reeurvey ivill coDlonn to 
the requirements of Chapter II, while the maridng of lines between 
comers and the notation of objects to be r8C<»ded will conform to 
the provisions <rf Chapter III, and the monumeiitaticA of the survey 
will comply with Chapter IV. The technical reccKrd of the reoiur- 
vey will be broadened to show the relationship between the oiigiiuil 
survey and its reestablished lines. 

428. The field note description of an ide&tided or aoeepted comer 
will he introduced into the technici^ record of the ne s m ' vey at the 
place in the true line notes wheie the position for the comer is indi^ 
cated as having been attained. The record will embnce: 

(a) A complete dedcripHon of tiie reaMioing evidencie €i the otigi- 
Aal monument; . • 

(b) A complete description of the new monument; 

(c) A complete description of f&e erigiael accessories as ideiilified; 
{d) A complete description 6t tiie new accessories; 

(e) A concise statem^tit relating to t3ie recovery of a conaer based 
upon identified line tre^, bla^^ lines, items of topogtapihy, or 
other cidls of the field notes of the (viginal survey, in the absence 
of evidence of the monume^iit or its acceawcies; and^ 

(/) A statement of fact relating to the relocataen of an obiitesated 
monument; or a statement of the determining features leading to 
the acceptance of a recognized local corner. 

424. General titles (bk addition to the regular page heading) will 
be inserted in the field caotes of dependent resurveys 1x> indicate the 
character of the resurvey, tikie tschnkal reccard of which foUows* 
Such titles will be inaerted in the body of the &sl4 notes, as a^^^Nco- 
piiate, and will show the name of the origitial surve^r and the.year 
in which the oi%iiiai survey was ezeeiaMi ac^ fqr exaffiple: 

'^BeestablishmettV of the sarv«y1s executed by John B. Snitii, 

U. g. StirVe/y»,iA 1«42," 

and additibnal inemdranda Vrill be added as appropriate, ex^ana- 
tory of the toie^idd bf corrtryjl teddpted in th* restoifttfo)! of eae or 
more lost C(5^6ty.' ' ' 

425. ik'additidhtd'ih^ttmklBlio^^^^ 

t)lat, the plat^^a de^^ci^trdBtui^ should carry amemonaiditm 
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fot ^e infailiiatioH of tiie |mblic to tke effect (modified aa special 
circumstances may warrant) that — 

* 'This plat of the resurvey of T. , R. — '—, delineates si retiuce- 

ment and re^stablishinent of the lines of thid original survey as ei^own 

upon the plat apmyv«d (4ste)^ in theif true original poaitioii 

according to the oest availAble evidence of the position of the orig- 
inal comers; all differences between the measurements shown on 
the original plat and tiiose derived in the retracement have been 
dirtributed ^?oportionally between accepted comers in accordance 
wiih. surveying rules; reference will be made ta tite original plat 
for the showing ci tke areas and more detailed descriptions of the 
various smaUer subdivisions." 

ADDITIONAL MBTPODS VOB TBB FBOTBOTION OW BONA HDB BIGHTS, 

426. Referring to those cases where locally recognized comers 
are discordantly related to the original survey, it will be apparent 
that such comers can be employed only for the determination of 
the boundaries of claims where bona fide rights have been duly 
established which Would othetwise be impaired by the resurvey 
under the same rule of good faith in the matter of location. Oases 
of this kind are foimd to be decidedly exceptional in the townships 
where dejtendent resurveys have been made, and such situations will 
be given particular attention in the preliminary examination and 
special instmctions. In those instances when encountered, provi- 
sion will be inade in the special instructions for ft ^'metes-and- 
bounds** survey, as hereinafter outlined under the general subject 
of "independent** resurveys, unlisss an amendmetit of cfntry in con- 
formity with the lines of the iesurvey will answet the particular 
requirements of the situation. In either case the surveyor wiU 
iiote the Manual text relating to metesrand-bbimds surveys and 
unendment of entries (see sees. 434 to 45i, inclusive). 

' 427* A hypothetiioal at ample oi a depmident resorvey loUowsin 
Ihe text, wlMff^ a flliowttig of t3rplettl cenditiofis idil be fveeented/ 
[n this connection it will be observed that the ftpj^lica^on of the 
rules £or tim execution of a dependent resurvey is generally made 
Hith respect to tlie townrinip. aa a unit. In this- kypothatkiJ case 
it is presumed that a sufficient iBHimber oforigloftl com^^ <can be 
identified to enable the restoration of the township exterfoftr resultJUg 
in a satisfactory clos^e.: Upon retracement qf the interior lines, 
iome evidence of the original .surrey i& developed, also certain 
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recognized and acceptaible <;onierB. All cUima are found to be 
confonnsble. 

The Burveyor will proceed with the complete retracement of the 
interior section lines. In ih3» process he will employ instrumental 
meuiods and make the measurements as provided in Chapter II. 
He wUl be guided by the suggestions given in Chapter V in regani 
to the search for evidence of the original survey, and beyond that 
he will devise his own methods in the search as the actual field 
conditions seem to warrant. Temporary refeience stakes wiU be 
set where the ori^jinal com^s are not at once identified (thou^ 
the use of local reference points will be unobjectionable). It will 
be assumed that a single system of leleience stakes has been employ- 
ed, as this scheme lends itself more readily to theoretical discuasion, 
as well as practical utility in the field, and allows the utmost freedom 
as to the order in which the retracements are made. 

Having completed the reestablishment of the township exteriors 
and the retracement of the interior lines, the surveyor wiU be con- 
cerned with the two primary considerations, heretofore discussed, 
which it is his duty to harmonize: First, the restoration of what the 
record purports to be original conditions; and, second, the protection 
of the bona fide rights of claimants in the matter of location. The 
first requirment must be fulfilled with reference to the evidence 
of the original survey, and the discovery and identification of actual 
original comers is paramoimt, bearing in mind that the development 
of a single additional original comer adds manifest conclusivenees 
to the work. These identified points when combined with those 
acceptably located constitute the general control. The second 
item, which does not directly afiect the technical procedure, has 
been fully discussed hereinbefore. 

KEY TO DIAGBAH, FIG. (^. 

A. Identiflfid origiiial comer. 

B. Intdrsectton of center lines of pablio oaros3roada» Snteniied to be located at soetioa 
comer and generally so xeeogniBed; aoo^ted as beet avaUaUe ei^ldeooe of ooiner. 

C and D. Identified original comers. 

E. Comer established by local surveyor; record shows proper application of the 
method of double proportionate measurement; generally recogniied as coneot posi- 
Hon of comer; accepted on aneciuallty with an idantifled original eameb 

7-li» inclusive. IdaQtSadcn^bial comers. 

N. Same as B. 

O. Identified original comer. 

P. Intersection of mean position of meridional and latitudinal Uased Hoes threofii 
Tirgin timber; age count on overgroirtili qualifies for date of original survey. 
. Q. Restored comer based upon control furnished by latitudinal position of bland 
line as above and fixed in departure by distance to original line tree. 

R. Identifled original corner. 
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8. Same as E. 

T. Positioii determizMd by location of improvemeiits; pdnt agrees approximately 
with the fheocetical poaUion and it is reoosniBed by adjoining daimants; ImproTe- 
ments would be advezaely affected by <dian(;e ol point. 

V. Same as E. 

V acnd VT, Same as T. 
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X. Identified oiiglnal comer. 

a. Duly restored by doable porpoirtionate measimmeint and Hiereofter empl<^ed 
for general control on an equality with an identified original coiner. 

b-n, inolosiye. Theoretical tme line positii)ii,.daly restored by single proportionata 
Deasaxemant. 



29^ MANUAL OF SClkVlSlriNO INSTRUCTIONS. 

METHOD. 

Af t^ complctting all retntcenteiitfl and having detekmiited v^xm. the 
general control to be adopted, as indicated in the diagram and accom- 
panying key, the true lines of the dependent resiurvey, beginning at 
the southeast comer of the township, will be reestablished as follows: 

SINOLfi PIK»»0R99017AT9 HBASUiHBMSNT. 

Lines: A-B, B-a, A-C, C-D, I>-E, E-F, F-G, G-H, H-I, a-J, 
J-K, K-L, I^M, and M-I. ; 

DOUBLE PROPORTIOKATE MEAfitTREMENT. 

Section comers: 1, f-N and b-F; 2, f-N and c-S; 3, O-P and d-X; 
4, C-Q and b-F; 5, C-Q and c-S ; 6, C-Q and N-XJ; 7, C-Q and d-X ; 8, 
gj-S and b-F; 9, U-n amd d-X; 10, XJ-n and Q-G; 11, D-L and b-F; 
12, D-L and V-i; 13, D-L and W^; 14, D-L and d-X; 15, D-L and 
Q-G; 16, h-X and b-F; 17, h-X and V-i; 18, h-X and W-j; 19, 
X-MandQ-G. 

INTERIOR QUARTER-SECTION CORNERS, 

All missing interior q«art«r-eectiott ccoaeiS by mng^ pxoportiomte 
measitrement on line between the adjoining Action cormers a6 above 
dktemined. 

KELD DATA. 

The neta^cem&^U develop Hie ioUowifig data in regaid to the 
relative position of certain points of control and the temporary stakes: 

Beginning at i^ North, 40.00 chaiatf, set temporary stake; 80.00 
chainid, set temporary, stake; 120.00 chains^ set temporary stake; 
160jOO chains, set teiiq>ocary ^itak«; 200«00 chaififi, set tsmpetaty 
stake; 241.20 chains, fall 90 links W. of N.; meridional excess f-N= 
1.20 diam8:^40 links per 8a00 chitins. 

Beginning at ][), West, 40. OQ chains^ set temporary stake; 80.46 
dudzuiv fall 20 links N. of ten^pomry stake pireviously eet; cecord of 
original survey shows length of line 80.22 chains; continue west, 
etc., to F; latitudinal deficiency b-Fs>84 links<»14 links per 80.00 
chains. 

B^inning at 2 (temporary stake). East, 40.00 chains, set tempo- 
rary stake; 80.82 chains, fall 44 links S. of c; record of original sur- 
vey shows length of line 79.90 chains; run west Sioai temporary stake 
»b 2 oa fliiKilaic plan; kttitudiBal exoMs c^««i66 liiikA"«22 linka per 
80.00 chains. 
« CAWJtytAWOWB. 

The adjustments of the temporary stakes to true line positio&» 
and the determination of the bearings and lengths of the reestab- 
' true lines, are calculated as follows: 
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B1:TVX9K SECnONfl 85 ASi> 9%, 








Memo. 


Course. 


tapce. ^' 


S. 


E. 


W. 


Adl 


iracement f-1 


North. 


80.00 80.00 








iostmADt at 1 for meridional 




.40 








excess. 

Adjustment at 1 for latitudinal 
defkoiffiQcy, 80.46-^(80.22^. U). 








0.38 




K.0»16'E. 








Trc 


m li"nf> f-"* - 


80.40 { 80.40 




.38 








Adl 


ustment at f 




.00 
.40 
.20 




.00 

.38 

It 




Ad 


iisinwiit at 1 . 








Ad 


ustmimt at ^ sec. eor. (mean) . 






. 













BETWEEN SECTIONS 25 AND 26. 



Ad]astm«nt at 1 froni tru# to 








■ 
0.40 




a38 


t4».mporary. 
Betracement 1-2... , 


North. 


80.00 


80.00 
.80 




, 




AdjustnMnt at 3 for meridional 








excciRi^. 
Adjustment at 2 for latitudinal 








0.70 




excess, 80. 82- (79.90 +0.22). 


N. 0» 14' E. 














80.80 
.40 


.40 


.70 
.38 


.38 


True line 1-2 


80.40 


80.40 




M 






T" 








.40 
.80 




.38 
.70 




Adjustment at S 
















Adjustment at f sec. cor. (mean) . 




1.20 

.60 




1.08 
.54 













BETWEEN SECTIONS ^ AND 24. 



Adjustment at 2 from true to 








0.80 




0.70 


temporary. 
Retracement 2-N 


North. 
East 

N.0»9'E. 


81.20 
,90 


81.20 




Random lf"e to N T . , .. 




ago 






', ' ' 










81.20 
.80 


.80 


.90 
.70 


.70 


Trueline3-N 


SO. 40 


80.40 




.20 


• 






Ad ustment at 2 




.80 
1.20 




.70 
.90 




Ad ustment from 80.00.oh. point 
on random to N. 














Adiustment at i see. cor. (mean) . 




2.00 
1.00 




l.flO 
.80 
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BETWDISN SECTIONS 26 AND S6. 



Memo. 


Coarse. 


Dis- 
tanoe. 


N. 


8. 


E. 


W. 


Ret^iftWiiieiit H-i . . 


West. 


80.46 








8a« 


Random Une to temporary steke 

atl. 
Adjustment at 1 temporary to 

true. 

• 




a20 










0.40 


0.38 




N.80*51'W. 










.40 
.20 


.20 


.38 


8a4$ 

.38 










Tme Hub b-1 


80.06 


.20 






8a (X 










AdlTifltimmt at Tt> 






.00 
.20 


.38 


.00 


Ad]astment from 80.00 ch. point 
on random to temporary stake 
atl. 

Af^nstment at 1 temporary to 
true. 








.4« 






.40 














.40 
.20 


.20 


.38 


.4$ 

.38 














.20 
.10 






.06 


-A^dlnstmf^nt at 4- ?mm>, coi't (ni^n) . 






.M 















BETWEEN SECTIONS 24 AND 25. 



C to I^TldonX lftl«- ....-.-. 








d44 






Retraoenent o-2 (reyersed) 


West. 


80.82 






8a 82 


Adjustment at 2 temporary to 
true. 


0.80 




a70 




N.89»45'W. 










.80 
.44 


.44 


.70 


80.82 
.70 


■ 








True line (>-2 


80.12 


.36 






8ai2 










Adjustment from 80.00 ch. point 

on random to c. 
Adjustment at 2 temporary to 

true. 




.44 
.80 




.82 

.70 
















Adjustment at i sec. cor. (mean) . 




1.24 
.62 




1.52 
.76 













THE INDEPENDENT RESUBVBT. 

428. An independent resurvey is an official re-subdivision of the 
public lands distinct from the original survey which it is designed 
to supersede. The independent resurvey is accompli^ed by three 
distinct steps: 

(a) The reestablishment of the outboundaries of the lands subject 
to resurvey, following the method of a dependent resurvey; 
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6) The segtegation of lands embraced in any valid claim where 
i initial steps have been taken looking to the disposal of the title 
the United States based upon the former approved plat; and, 
c) New exterior, subdivisional and meander lines as necessary, 
ablislied upon a new r^^lar plan, 'which, for every purpose of 
mtificaiion and description of the public lands involved, becomes 
3 prevailing survey. 

BEESTABUSHMENT OF OUTBOUNDASIES. 

1:29. The limiting boundaries of the lands subject to independent 
turvey must agree with the previously established and identified 
terior or subdivisional lines of the approved original surveys. In 
der to qualify as a suitable limiting boundary as aforementioned, 
line of the accepted established surveys will be selected which 
n be conclusively identified (by existing original or properly re- 
ared com&tB) in one position to the exclusion of all others and 
hich by its known position adequately protects all rights (located 
L good faith as hereinbefore defined) based upon any township plat 
lowing subdivisions of the public lands adjacent to said boundary, 
uch outboundaries of the lands to be resurveyed by the independent 
rocees must necessarily be retraced and reestablished in their true 
iginal position. The lands upon one side of such outboundary are 
) be re-subdivided upon a new plan, while upon the opposite side of 
ich line the original subdivisions are to be strictly maintained and 
one of the original conditions are to be disturbed. 

4dO. l%e outboundaries are generally selected along the locus of 
^e previously established township exteriors where the existing 
vidence gives positive proof of the location of the original survey, 
nd where conditions on the ground are harmoniously related to the 
ecord of said original survey. In special cases certain section lines 
nay fully qualify as suitable lines to mark the limit of the inde- 
pendent resurvey; such section lines will then be duly retraced and 
^established in their true original position. Particular attention 
rill be given to this very important subject at the time when the 
ield examination is made with a view to maintaining the original 
nirvey as far as consistent. 

431, In those cases where a proper limiting boundary can not be 
secured without involving the necessity for the inclusion in the 
?roup of a greater number of townships than administratively prac- 
^cable to execute in one assignment, the necessity may arise for the 
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extsneion of trtct segregatioos (as heraiiuiftar ootliaed) into t ixfyr 
ship imgrouped for resurvey. In such cases, under spocil 
authority of the OeiieEal Land Office, any tract found to extei 
across such group outboundary will be segregated in lull, whetfa 
or not the tract was originally describrd as in the township to 1 
lesurveyed, and the necessary steps i^iii thereupon be taken by ti 
General Land Office in the matter of suspension of the lands in tl 
adjoining township from further disposal and of additional invesl 
gations with a view to a resurvey of all or a portion of the sa: 
adjoining township. (See seooftd rule, see. 445. ) 

48d« The special instructions will show specifically what lixi 
have been selected to limit the independent resurvey, and the sij 
yeyor engaged in the execution of such resurvey will proceed wi 
the retracement and reestablishment of said outboundaries as a co 
dition precedent to beginning the independent resurvey. 

i88* Where the new lines of the independent resurvey are not 
be initiated or doeed upon the reetcnred original comers of the ree 
tablished outboundaries of the independent resurvey, said restore 
comera will be marked only with relerence to the township, ran; 
and section to which they ^11 thenceforth relate, and new reguh 
eoraersof minimum control .i; be established as necessary to gove^ 
the lines of the independcStil lesiffvey, all as provided in sec. 16^ 
Chapter III. During the prelinuaary stages of the reiurvey thei 
will often be mere or less doubt as to whether an old comer will retaj 
its former control or will have to be altered, and until this unee 
taiaty hae been removed the laarking of a comer and its aocessonj 
ehottld be dSef erred. The monumcntation will kiik&w the final del 
ijQinatkm of the future sigm&iance of each points Where an 
point is to be perpetuated merely to contid the $Qnasx alinemc 
hut not the comer of a subdivision, its future signiflcance will be 
ol an ''angle point" only and the nonun^ent and itsacoeesories 
he marked accordingly. 

r 

METB8-AND-BOUNDS SUBYEY OF PRIVATE CI.AIMS. 

t , 

484. After the reestablishment of the outboundaiiea ef the h 
subject to independent resurvey has been accomplished' in a€C( 
ance with the requirements of the special instructions, the surveyc 
attention will be directed to the segregation or marking out of all di 
entered, ejected, reserved (in certain cases), granted, or patent^ 
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puids wlioaa doicription BMy he litiaed upon the tenuir ft^ioved pl*0, 
ad which caa oot be ooofonBed tatheUnesol Ihe jreBiirvief. 
, 43& A atatus du^^maa will be f ttmisbed to the ffurwyvr aliowiiig 
Jl patented landf, v»Ud Mitiisa, eebool deetaDM, and <yther Imnd 
\njxtSj aod all other dio^x^s, reservalioBs^ cor • seiectSDns of IbimIb 
irhofie position aftd deecdp^ifpn aie beeed upoin the otigmftl sorvey 
ind plat, ai^d whoee booodanee can Bot legally bediativbed^ in 
ivery case the yarious tracts i^wn upon the Btatus diagiam will 
ye protected either, by individual ''mete^-aiid-'bouiBds'^ enrvey cr 
)y the aftjrignment of appisopdate eubdivisioBS of the resurvey im 
;ase the latter lines (new section lines, er c^ntBt lines of sectioiiB 
>r quarter sections) are found to <^iacide or it|)S»iaiDiaMy agrw 
Fith the boundaries of said tiac^ts. 

436« It is not to be underftood that the gifl t (Mi . a ndr bonndasBrvay 
)f private clauns must be completed b^ve begifiniAg thA psejecticDi. 
3f the new Uimbs of the independent resurvey. It has merely been 
deemed logical to consider the subject of the tract segregationa SR 
advance of the question of the lestabtishnaent of new lines, Tha lact 
is that surveyors will £nd it expedient to carry both hoB^chss of lh# 
survey along together in the locality of the camper other field hefti«' 
quarters. jjl'r 

437. The judediction of the Genex^jLjand Oifllce, the lidudtof the 
authority of the surveyor, and the bona Me rights of olaimaatS« 
where entered or patented lands are involved, remain abs(dutely the 
Bame whether the resurvey is to be made upon the dependent or 
Independent plan. Thus where the independent type of resurvey 
has been adopted as more feasible , identified comers of the odg^mid 
survey in the immediate vicinity of lands to be segregated will be 
employed for the control of the location of such lands. The question 
of the good faith of the entryman will in every case be fully con^ 
Bidered, as previously outlined in this chapter, and where the evi- 
dence of the original survey is so obliterated that a charge of a lack 
of good faith can not be brought against an entryman whose claim 
boundaries may differ from a theoretical location determined by 
more rigid survejing rules, the position of the improvements is to 1^ 
regarded as the best available evidence of the original position of 
the eiaain, and the same will be employed as far as consistent for the 
control of the location of the boundaries of such claim. 

4t9S» Where there is sufficient evidence of the original survey; the 
identi^ation of the areas to be segregated, resulting from tha soh* 
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diviaion of tke origmal iiections, will piooMii in aceofdsoce witb th 
providonfl of Chapters III and V, and ev€fry corner or angle poiii 
of each, tract as thus located will be marked upon fhe groond. 

489* ^l^ere the surveyor can not point out, by suitable identi 
fication of the original surveys, the d^nite location of an entn 
based upon the former approved plat, the claimant or owner of sad 
landB will be consulted as to the position of his boundary lines. Th^ 
boundaries of the private claim, so determined, will be fixed, si 
between the private and public lands, subject to the official accept 
iuice of the resurvey. Where dispute is encountered in regard t< 
iiie adjustment of the Hue between adjoining patented tracts, eaci 
acceptably located under the rules already laid down, which cai 
not be reconciled or suitably disposed of by surveying proceas, the 
tracts will be surveyed in conflict, as hereinafter provided, and B(i 
flhown on the resurvey plat; the questions arising out of such conflid 
will be given administrative review with the field notes of th^ 
xesiirvey. 

440. The owner of an unidentified claim will be called upon to 
indicate the boundary lines thereof if possible, and in this connect 
tion, ^ould occasion arise, the surveyor will explain the manner o^ 
adjusting differences between adjoining claims and what will con- 
stitute an acceptable location of a claim. The latter condition 
demands a form agreeing with the original entry, approximately 
tegular boundaries, an area not widely inconsistent with that shown 
upon the original plat, and a Ick^ation as nearly correct as may be| 
expected from the existing evidence of the original survey, without 
overlapping into an adjoining township not subject to resurvey ,| 
Except as provided in sec. 431. In every case where the out^ 
boundaries of the lands subject to ** independent resurvey" have 
b^en reestablished by the "dependent" or "restorative** plan, the 
subdivisions of a tract situated and originally described as along or 
upon the opposite sides of such outboundaiy must agree with the 
line reestabH^ed and harmonize in relative position. 

441; In the execution of an independent resurvey, therefore, 
the identity of each tract to be segregated therein or indicated I 
by conformation to the lines of the resurvey, whether jMktented 
or unjmtented, must be maintained, and the surveyor will not be 
allowed to change materially the configuration of a tract aa shoim 
by its original description in order to indemnify the owner thereof 
against deficiencies in area, to eliminate conflicts between entries, 
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w for any other ptrrpoee. If improvements have been located in 
jood faitih, the segregation survey should be so executed, or the 
conformation to the lines of the resurvey so indicated, as to cover 
as nearly as possible these improvements and iit the same time 
maintain substantially the form of the entry as originally described: 
No departure from this rule will be allowed. 

442. The question of amendment of entries foir the purpose of 
permitting adjustments in terms of the resurvejr involving la^nds 
not included within the original tract is a matter for the adjudi(^a- 
tion of the General Land Office after the resurvey has been accepted 
fend the plats thereof filed in the local land office. ' 

448. In case of absentee owners an attempt should be tnad6 to 
GStablifib communication, if necessary, in order that the claimant 
may point out the lands subject to a metes-and-bounds survey. If 
the owner can not be found and there is no visible indication, such 
as a boundary fence, of the location of the limits of a claim, the 
surveyor will exercise the alternative of locating the claim from 
the nearest original point of control or from a point of a neighboring 
claim, or of assigning to the entered or patented lands the appropri- 
ate subdivisions of the resurvey, all subject to the principles here- 
inbefore set forth. The controlling factore in such Jocations will be 
based upon the individual and neighborhood improvements (such 
as buildings, wells, springs of water, cultivated lands, public roads, 
fences, comers of recognized private survejng, etc.) which may indi- 
cate the evident intention of the entryman or patentee as to the 
position of his land. 

444. Each non-conformable valid claim in a township will be 
g^ven a serial tract number, commencing with No. S7 in the smallest 
numbered and entered section of the original plat, progressing 
through the township in the order in which lots and sections are 
numbered. A tract niunber will be used but oiice in a township, 
and if any tract lies partly in two or more townshii)S subject to 
resurvey the niunber applied to the tract in the first township 
resurveyed wiH Hot be used for other tracts in the adjoining town- 
ship. 

446. The following rides will be observed ill the execution of the 
metes-and-bounds survey of all specially designated tracts: 

1st. Each claim, acceptably located, but at variance with the lines 
of the resurvey, will be surveyed and monumented at each angle 
point. 
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akip oot flubjact torosurvey, such portioA of tbe claim will not fa^ 
surveyed by metos smd bouads, provided the lixmtuig boundary ii 
£ouzKi to qualify as S9t forth in sec. 429. The portion of the clain^ 
aqjjuudly described as in the town;|hip to be resurveyed fihoul<| 
ordinarily be defined in a position (either by si^^gatioQ or coiDfo^ 
mation to the lines of the resurvey) which is properly related to the 
identified or restored comers on the b'miting boundary. (See 
6»c. 431.) 

34* Where the bonndaiies of a claim are unacceptably located as 
pointed out by the clainiant,^ the surveyor will proceed with a propel 
survey of the tr^t in accordance with rules already stated which 
lyill resu,Ltin a suitable relation to the original survey, and the corned 
of the tzact as thu^ located will be monwnented. If the claimant 
protests against such location, the surveyor: will request that the pro- 
test be m^de m writing (to be submitted with the returns of the re- 
auryey), and will thereupon maJke an accurate connection with, the 
comers of the claim as unacceptably located, to be made the subject 
of a complete report by the murveyojc in his field notes, reviewing 
the facts with reference to the q^uestion of location. As a further 
pioibection to an enti;yman thus unacceptably located see sec. 455. 

4th. Where, t&cough a compliance by the surveyor with the general 
rules above laid down, the metee-and-bounds segregation of a claim 
(or the conformation thereof to the lines of the resurvey) within the 
field of an independent resurvey (or the related subdiviaiona withia 
the field of a dependent resurvey) fails to cover any or all of the 
la^de^ occupied, improved or claimed by the entryman, {patentee 
or present o^ner, and the latter indicates a desire to amend his 
entry, a full report will be made by the surveyor in his field notes, 
describing (herein the subdivisions actually occupied and sought to 
be acquire^ under the amended entry, but which are not covered 
by the ti:act ae si^eyed^ iaJl looking to the protectipn of the title to 
the lands actually eayn^.* 

5th. Where it so happens tM^ the jp^ularqu^Jiter-quartaaectics^ 
embraced within a claim fall in approximately the same position, as 
the regular, ^uarter-quarter sections of the reau^n^ey, and the eatr}- 
man or p^tente^ Indicates a desire tp conform his claim to the re- 
survey, aM A9 ap^^i^ei^t objection is found by the surveyor, the 
facts will be stated in, the field noti^ aijid th^ claim will be so iikli- 

> See ouirant draolftr relating to amendment of entxies. 
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la^ied upon tibe resurvey pUt Uader tibia cuci|Bpteac0 tbe.meftee* 
iid-bo«A«i0 e«rv^ <rf tbe tnct will be amitted. However, "vhi^m 
ny tii^t irbora ongamal d^Bciip^n, i^clndos «?2^ fracUonal lot, or 
^kelpe tt^ pai^ol ft tiact lalls ^pcm oiif >hia(ii>n<](^ ic^^of th9 f^Burv^y^ 
he tracts will be segretgated oa a whereby fltetes-aad-bowidB survey » 
rven though eome or all ol the Ikiea o£ the tsac^iaii^ coiAci^e with 
lertainimbdivieieEal lines oi the r«6i«iiv^« 

6Uu QonflktiHg tectey each aeoei^tably loeaAed^ will be furv^e4 
Old inewmeated, aad conflict showa inj^n the. resuryey plat< 
Sac^ iikteraection at coBfiictijig boi^ularief will be detenaioied 
^H the ground and recorded m the field pote«. 

7th. The angle points of a tract.'vnll be designated by serial p^m* 
>er8 beginning with No. 1 at the northeast comer, and proceeding 
iround the^laim, running westerly from the initial comer. An aqgle 
mnt maky be connuw to one^ two, three or four tracts, and will be 
DoQiunented and mAcked as proyided in Ghs^^^te^ XV^ as lor example ; 

TR 37 9 44 . 



AP -4 
TR 36 



AP ! 
TR 45^ 



-.^ AP I 



AP 2 AP 1 AP 1 

TR46 TR.M|Tffr37 TR37i 



914^ 



1919 1919 idl9 . 

8th. No accessotlee will be requited Keith the moiiumfetttB at the 
ingle points of the metes-Arid-boundis snrviey. 

446. Th» ptoper supen^iilg eflcer wiU lurnish itxe mi7V«|ror 
nith aa sM»ict of the valid entries, selections, reservati(m% patents, 
uid giants, based upon the original plat of any town^diip (or portion 
thereof) subject to resurvey, and the said resurvey can not be re- 
garded as complete imtil each and every claim described in said 
ibstract of entries (and djkown on the status diagram) asin the town- 
ship to be resurveyed has received full protection in the matter 
of location. Aside frcwa those disposals described as in the township 
bo be resurveyed, there will also be furnished to the surveyor, as a 
uatter ef information^ the status of all claims in the adjacent sec- 
tions of all adjoining townships ungrouped for resurvey. The 
ibstract will be included with the other data to accompany the writ- 
ten flpecia! instructions providing for a resurvey. 

447, The field' »otes of the metee-and-bounds survey of each 
valid claim will be preceded by a copy <^ the abstract of entry 
thereci. A lme< statement will then follow in each iistance (or 
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wil^ suitable reference), eo&cemiiig the poncipal factors coiitrc^liiig 
file location of the paiticular tract, and whether or not the claimant 
-was consulted, or communics^ted "with, in the matter of.the i<leiitifi- 
cation of the botmdaiies ol his claim. The statement shomld be 
cileear as to whether the l(K*8tien of a claim, ahewn either as & trad 
segregation or ae cottfomiing to- the lines of the remaveyy 'w^b 
controlled by improvementis alone, or by one or more identified 
comers of the original israrvey, nearby or remotely located, cfr Jyy its 
relation to a^oining tracts. In case all of the tract segfegations 
within a townahipi can be covered by one generaS statement, the same 
ahotdd appear at the beginning of the field notes of the metes-and- 
boimds surveys. The field notes should be made to account for 
each and every tract shown upon the status diagram. ' 

448. All claims should be accounted fo^ on the reenrvey plat, 
and all will be shown either as segregated^ tracts or ad conformtng' to 
the lines of the resurvey, as the case msky be, with otttline indicated 
by heavy black lines. Am. epcceptiqn to this rule will be made in 
those rare cases where all the ciaams within a township have been 
Qonlormed to the lines of the t&mTvey under their original description, 
in whidi event a statement ducy be made on the maigin of the plat 
that — 

' ' Al} claims onginally descdbed as in this township are intended to 
conform to the lines of the resurvey. iLtnder their original deeccLption." 

449. As a further safeguard that the^ letnme <tf ind^>endent 
resurveys may be coneluedve in the matter <rf* the significance of 

liie tract segregations, the plats there^ wiH show a statement that — 

»■> 

** All tract segregations shown hereon represent the position and 
form of said tracts under the original description as reierred to the 
original survey, located as such on the grotmd acccmiing to the best 
avulable oviaence of their true position.'^ , . 

460. The above BtatemeAt will be modified if one or more of all 
the claims shown on. the status diagram are conformed to the lines of 
the resurvey, either under the original description or by different 
legal subdivisions, as follows: . 

' ' All tract segregations shown hereon and all other claims shown to 
conform to the lines of the resurvey, whether by the original or new 
legal subdivisions, represent the petition and form of said tracts un- 
der the original descnption as referred to the original survey, located 
as such on. the ground aco(^ding to the beat available evidence of 
their true position." 
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461. The pxojection aad nMasuremeat of the lines d t^e mete»* 
ad*bouiuls survey and the tedhnicai record in respect to the same 
rill conform to the usual practiee in regular suTveys. While the 
lapping d importaat itemd «rf topography and valuiible i>ermane]it 
nprcyveiatats will be giYMi^atteotuiQ with regard to this feature id 
he re0iirv«y pl^, yet it will beapfiareoit that the aiaouiit of data to 
»6 fibsBfwn in e&naection with the metes^knd'bounds surveys makes 
b izapoasible, at the usual soak, to show objects ot little relatiVB 
nportuice. This class of memoranda taken during the progreea ol 
he ^nrorkwill riot be requixed in the field notes '0^inete»«nd*boiUMis 
urveys. 

458, At least one ai^le point of each tract survey will be definitely 
»niieeted With one of the i^egular tximars of the resurvey » Mid where 
ines of daims are intmected by liMl of the t^xxntey » connection 
inll be^made Irojn the point of intersection to the ne«rest claiuL cer** 
ler attd reooi>ded in the field not^ of the regular section Une. . Thd 
atter will be considered a satisfactory. connection to all adjoining 
slaijBM located within the intericor ol eitjber sectioni Where an e2> 
sensive system oi.tract segregatiops ha». been sunoiyed, the interioc 
laracts of the block will notre^tniie individual jr^f^?eiloex)onnections» 
rhe eqtaiWiriunei)ti)fidqBlagcofnacs<»» ihe regular lioe^when entering 
>r leaving |Ablic land'WilL.confoism to ■th^>0an§r«^ practice in this 
res|>eetas.proTdded in aae«a91,. Chapter III. 
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458. 'The pectdiar Conditions 6i ^e situatiosi wMch necessitate 
an ind^pendcfntTei^rtitfVey. tender it idipossible to formulate general 
ruled suited td all toases. Eitperience has demomtfatsd '^e neces- 
sity for'giting deliberate atteirttbn to the nidque pi^blems <^ subdi- 
vision which are to be found in each definite example. The general 
practice is to secure a surveyor's report of the actual ccmditions 
involved in a particular independent resurvey, upoln consideiation 
of which there may be devised the best plan for a re-subdivision of 
the vacant public lands, and the latter will be set forth in the special 
instructions. The possibility of placing the regular lines of the 
independent resurvey so as to obtain maximum agreement with the 
position ai the boundaries of confonnable claims will be fully con* 
sid^^ with fl, view to eliminating or reducing the necessity for 
tract tf^egations, if possible, Where this can be accomplished in 
harmony with the rules previously outlined. The examiner's 
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